PCT 



WORLD INTELLECTUAL PROPERTY/ ORGANIZATION 
International Bureau 




INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 5 : 
C12N 9/00, A61K 37/48 



Al 



(11) International Publication Number: WO 95/27045 

(43) Intern a t ional Publication Date: 12 October 1995 (12.10.95) 



(21) International Application Number: PCT/US94/03420 

(22) international Filing Date: 30 March 1994 (30.03.94) 



(71) Applicant (for all designated States except US): KJEtf , INC 

[US/US]; 16020 Industrial Drive, Gaithersburg, MD 20877 
(US). 

(72) Inventors; and 

(75) InreDtora/Appuamts (/br t/S on/y): SMITH, Rodger, G. 
[US/US]; 46 60 Mflford Court, Jefferson, MD 21755 (US). 
MCCAFFERTY, John [GB/GB]; 32 Wakeiin Avenue, 
Sawston, Cambridgeshire CB2 (GB). CHISWEli, David 
[GB/GB]; 1 Sandbdl House, Middle Cayston, Bucks MK8 
2LD ((B). DARSLEY, Michael, J. [GB/US]; 5905 Halsey 
Road, Rockvffle, MD 20851 (US). FITZGERALD, Kevin 
[GB/GB]; 3 Burnstable Close, Saffian Walder, Essex CB11 
3BX (GB), KENTEN, John, H. [GB/US]; 1921 Windjam- 
mer Way, Gaitesburg, MD 20879 (US). MARTIN, Mark, 
T. [US/US]; 9 Prairie Rose Lane, Gaimersburg, MD 20878 
(US). TTTMAS, Richard, C. [GB/US]; 26001E Brigadier 
Place, Damascus, MD 20872 (USX WILLIAMS, Richard, 
O. [US/US); 9408 Alfeea Court, Potomac, MD 20854 (US). 

(74) Agent: RYAN, John, Igen, ino, 16020 Industrial Drive, 
Gaithersburg, MD 20877 (US). 



(81) Designated States: AT, AU, BB, BG, BR, BY, CA, CH, CN, 
CZ, DE, DK, ES, H, GB, HU, JP, KP, KR, KZ, LK, LU, 
LV, MG, MN, MW, NL, NO, NZ, PL, FT, RO, RU, SD, 
SE, SK, UA, US, VN, European patent (AT, BE, CH, DE, 
DK, ES, FR, GB, GR, IE, IT, LU, MC, NL» PT, SB), OAPI 
patent (BF, BJ, CF, CG, 0, CM, GA, GN, ML, MR, NE, 
SN, TD, TG). 



Published 

Witk international search report 



(54) Title: THE ISOLATION AND PRODUCTION OF CATALYTIC ANTIBODIES USING PHAGE TECHNOLOGY 
(57) Abstract 

Disclosed and claimed are methods for producing catalytic antibodies, including human catalytic airibodies, from bacteriophage. 
The methods require the cloning, selection, screening, and isolation of catalytic anuTxxiies. Also disclosed and claimed are the products 
themselves, the catalytic antibodies, made from the phage technology. In addition, catalytic antibodies produced f^ the phage technology 
and useful in prodrog activation are disclosed and claimed. And finally, the invention also understands the production of catalytic antibodies 
to phosphonates. 



BEST AVAILABLE COPY 



FOR THE PURPOSES OP INFORMATION ONLY 



Codes used to identify 
applications under the PCX. 



AT 


Austria 


AU 


Australia 


SB 


Batatas 


BE 




BF 


BuduuaBato 


BG 




BJ 


Bans 


BR 


Brazil 


BY 




CA 




CF 


Central African 


CG 


Congo 


CH 


Switzerland 


a 


CatedTvdre 


cm 


Cameroon 


CK 


Chins 


CS 


Czechoslovakia 


CZ 


Czech Repobfic 


D£ 




DK 




£5 


Spam 


FI 




FR 


France 


GA 


Gabon 



party to the PCT ob the front pages 



GB 


United Kingdom 


GE 


Georgia 


GN 




GB 


Greece 


HU 




IE 


Ireland 


IT 


Italy 


JP 


Japan 


KE 


Kenya 


KG 


Kyrgystan 


KP 


Democratic People's Repppfo 




of Korea 


KR 


Republic of Korea 


KZ 




U 




LK 


Sri Lanka 


LO 


Luxembourg 


LV 


Latvia 


MC 


Monaco 


MD 


Republic tfMoktova 


MG 




ML 


Mali 


MN 





pam phlfK pnhKshfng international 



MW 


Mali 1 


NE 


N^ger 


NL 


lT«rt J 1 


NO 


Norway 


KZ 


New Zealand 


PL 


Poland 


FT 


Poctngal 


RO 




m 

SD 


' Rahman Federation 
Sudan 


SE 
SI 


Sweden 
Slovenia 


SK 


Slovakia 


SN 


Senegal 


ID 


Chad 


TG 


Togo 


TJ 


Ta^3ds£an 


TT 


*^bmdad and ^^snago 


UA 




IZ5 


United States of America 


UZ 


TJihcfciiUi** 


VN 





WO95/27045 

PC17US94/03420 



patat vES R°J£2°£ AND PRODUCTION OF 
CATALYTIC ANTIBODIES USTNfi PHAfiP. TPPHM^ rrev 

REFERENCE TO RELATED APPLICATIONS 

This application is a continuation-in-part of International Application WO 92/01047 
(PCT/GB91/01134) having an International filing date of July 10, 1991. a publication date of 
January 23, 1992, and wherein the U. S. is a desig^ted State, said International Application 
WO 92/01047 (PCT/GB91/01134) being hereby incorporated by reference. 

FIELD OF THE INVENTION 

The present invention relates to the isolation and production of catalytic antibodies 
displayed on bacteriophage and, more particularly, the isolation and production of human 
catalytic antibodies. This invention also relates to the isolation and production of catalytic 
antibodies for use in prodrug activation. This invention further relates to production of 
catalytic antibodies that bind to transitional state analogs. 

BACKGROUND OFTHE INVENTION 

Monoclonal antibodies are traditionally made by establishing an immortal mammalian 
cell line which is derived from a single immunoglobuUn producing eel! secreting one form of a 
biologically functional antibody molecule with a particular specificity. Because the antibody- 
secreting mammalian cell line is immortal, the characteristics of the antibody are reproducible 
from batch to batch. The key proprieties of monoclonal antibodies are their specificity for a 
particular antigen and the reproducibiliry with which they can be manufactured. 

Structurally, the simplest antibody (IgG) comprises four polypeptide chains, two heavy 
(H) chains and two light (L) chains connected by disulfide bonds. The light chains exist in two 
distinct forms called K (kappa) and X (lambda). Each chain has a constant region (Q and a 
variable region (V). Each chain is organized into a series of domains. The light chains have 
two domains, corresponding to the C region and the other to the V Region. The heavy chains 
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« Mb fcr robbing the antigen and providing . ^ ^ fc fc 

(CDRJ^^^ft^^^ ^C^arethenKtstv^epartofthe 
^^^^^^^^^^ 

derived from many potential genu line sequences via . ^t. 

■iucuccs na a complex process involving 

recombination, mutation, and selection. 

Of a wnole antibody. ^ a ^ blmm ^ ^ 

VL, VH, CL *». cm cWns; f,i) fc » falraHlt rf fc w ^ ^ ^ 

W MM CDR regions; ^ (vi) F(ab ^ ^ , ^ ^ ^ ^ 

fragments linked by a disulfide bridge it the lunge ragion. 

Although the two domains of the Fv fragment are coded for by separate genes, it has 
PK-ved possihie to ma* . synthetic ^ ,„„, ^ ^..^^ ^ ^ 
ch«n 0— as singie chain Fv (scFv); BW e, «. ^ M2 < 1988):42 ^ 26; „ 

USA M by recombinant n^. ^ 

fragment* were asserobW from gene, from rr^lonals tha, had been previous,, 

isolated. In our earlier application, WO 92/0 1047 we rf^rrih^ „ 

^ /,we described a process to assemble scFv 

^peuriar^uctdcnsrfrnor^ional^db^ 

great promise for the treatment of a wide range of diseases (Lennox, Qioiciil^CQljCjitioQSjjf 
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MonpplonnlAnrihndW , British Medical Bulletin 1984). Unfortunately, immortal antibody 
pnxiucingh^^^ 

(approximately 1 ugfc,,). In contrast, equivalent rodent cell lines yield high amounts 0 f 
antibody (approximately 100 ng/ml). However, the repeated administration of the* foreign 
rodent proteins to humans can lead to harmful hypersensitivity reactions. As a result, these 
rodent-derived monoclonal antibodies have limited therapeutic use. 

Second, a key aspect in the isolation of monoclonal antibodies is how many different 
clonesof antibody producing cells with different specificities, can be 
sampled compared to how many theoretically need to be sampled in order to isolate a cell 
producing antibody with the ^red specific^ characteristics (Mils^ 
Lecture, PrpcR.SocTondonB 239 (1990):1-16). For example, the number of different 
specificities expressed at any one time by lymphocytes of the murine immune system is thought 
.» be approximately 107 and this h only . sma „ rf ^ ^ . ^ 

specificities. However, during the isolation of a typical antibody prodding cell with a desired 
specificity, the investigator is only able to sample 103 to 10 4 individual ^ 
problem is worse in the human, where one has approximately 10 B lymphocyte specificities 
with the limitation on sampling of 1(P or 10< renaming. 

This problem has been alleviated to some extent in laboratory animals by the use of 
■mmunizadon regimes. Thus, where one wants to produce monoclonal antibodies having a 

spedficityagainstaparticularepitope, an animal is immunized wi* an imn.nc^en expressing 
that epitope. Tte animal will then mount an immune ^ ^ fa ^ 

Aere will be a proliferation of lymphocytes which have specificity against the epitope. Owing 
to this proliferation of lymphocytes with the desired specificity, i, becomes easier to detect them 
in the sampling procedure. However, this approach is not successful in all cases as a suitable 
immunogen may not be available. Furthermore, where one wants to produce human 
•nonodonal antibodies (e.g., for therapeutic administration), such an approach is not prac.ica.ly 
or ethically feasible. 
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In our earlier application, WO 92/01047, we described methods of constructing a 
bacteriophage that expresses and displays at its surface a large biologically functional binding 
molecule (e.g., antibody fragments, enzymes, and receptors) and which remains intact and 
infectious. We called the structure which com^-ises a virus particle and a binding molecule 
displayed at the viral surface a "package". Where the binding molecule is an antibody, an 
antibody derivative or fragment, or a domain that is homologous to an immunoglobulin 
domain, we called the package a "phage antibody" (pAb). However, except where the context 
demanded otherwise, where the term phage antibody is used generally, it was also interpreted 
as referring to any package comprising a virus panicle and a biologically functional binding 
molecule displayed at the viral surface. Since the original filing of WO 92/01047, a number of 
examples of functional antibody and other protein domains expressed on the surface of 
bacteriophage have been reported in both the literature and additional patent applications. 

This simple substitution of immortalized cells with bacterial cells as the "factory", 
considerably simplifies procedures for preparing large amounts of binding molecules expressed 
on the surface of the bacteriophage. Furthermore, the use of polymerase chain reaction (PCR) 
amplification (Saiki et al., gcjence 239 (1988):487-491) to isolate antibody producing 
sequences from cells (e.g., hybridomas and B cells) has great potential for speeding up the 
timescale under which binding specificities can be isolated. Phage antibody expression 
libraries can be easily generated by cloning the amplified VH and VL genes directly into 
bacteriophage expression vectors. Furthermore, a bacteriophage based recombinant production 
system allows scope for producing tailor-made antibodies and fragments thereof. For 
example, it is possible to produce chimeric molecules with new combinations of binding and 
effector functions, humanized antibodies (e.g., murine variable regions combined with human 
constant domains or murine-antibody CDRs grafted onto a human FR) and novel antigen- 
binding molecules. The key advantage of the phage based system being the ability to directly 
screen the recombinant antibodies directly for the desired binding specificities. 

In creating recombinant VH and VL phage libraries several problems need to be 
addressed. For example, in a mouse there are approximately 10? possible H chains and HP 
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to 
a 



possible L chains. Therefore, there are 10" possible combinations of H and L chains, and 
test for anything like this number of combinations, one would have to create and screen 
library of about 10" clones. This had not previously been a practical possibility. 
PCIYGB92/00883 and PCT/GB92/01755 applications, which are herein incorporated by 
reference, disclose a number of approaches which ameliorate this problem. Each of these 
applications is a condnuation-in-part of our International Application WO 92/01047. 

In addition, a number of molecular biological techniques which have previously been 
developed for engineering of antibody active sites can be applied in combination with the phage 
antibody library approaches described previously. These techniques include site-directed 
mutagenesis of residues within a CDR, replacement of aH or portions of CDR (s) with random 
amino acid sequence, CDR shuffling in which a CDR region is essentially replaced with a 
library of CDR regions. The use of pAbs may also allow the construction of entirely synthetic 
antibodies. Furthermore, antibodies may be made which have some synthetic sequences, for 
example. CDRs, and some naturally derived sequences (see for example PCT/BG92/D6372). 
For example, V-gene repertoires could be made in vitro by combining un-rearranged V genes, 
with D and J segments. Libraries of pAbs could then be selected by binding to antigen, 
hypermutated in vitro in the antigen-binding loops or V domain framework regions, and 
subjected to further rounds of selection and mutagenesis. 

pAbs have a range of applications in selecting antibody genes encoding antigen binding 
activities. Oneparticularlyexcitingareaof aivhcation is in ri« development of antibodies with 
catalytic properties (catalytic antibodies). Catalytic antibodies have been described in U.S. 
Patent Nos. 4,888,281 to Schochetman et al.; 4,963,355 to Kim et al.; and 5,037.750 to 
Schochetman et aL, all hereby incorporated by reference. As disclosed therein, catalytic 
antibodies combine the catalytic abilities of enzymes with the binding capabilities of antibodies. 

All catalytic antibodies described to date have been generated using monoclonal 
antibody technology. The details of that process are well known to those of ordinary skill in 
the art. A typical methodology first involves immunizing mice with an appropriate antigen. 
The antigen may be the desired reactanr; the desired reactant bound to a peptide or other carrier 
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™^ SCTO n*ehybndon«u (bribe desired 

"Peaflcuy is of considerable importance. 

H desired sp^ „ mBUmtf ^ „ ^ ^ 

"mpleenongh ^Wdc^ceilite.orecover.hedesiredspecinci,, 

eminsly human catalytic antibodicjf. 

^^•^tave.»».ce„,i sote ^ |oe ^ icles ^ 
acnvamm of*,,* WcJojical function. 

^^-^^^Seorpep^o^.^^^^^^ 
orelycostdtcborKlsorMhertyiiesofbniids. 
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^■^«°*^"^o f i M n fawlK «re leaBimolte 

proved successful Insulin exists In ih. ... • 

.n easts tn .he pancreas ■n.pto.fo m , ptoiMoltoiWhose 
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of . na« of te ^ „ my ^ ^ ^ 

i— i. i» pcr/usa*..*, « May «. 19j9 , whic „ „ ^ 

reference. 



SUMMARY OF THE INVENTION 

chemical reaction. 

A^objccof l h.p raH) , favolti0 „ - a , opiMtae hamn ^ maboSja ^ 
of several different methods outlined hereafter. 

thai tad .o nrnstaion slate analojj, ptosphonatB, and RT3. 

SuU cotter objcc, o, p^en, ianmim hapmitta , ^ ^ 
-.bodies (e ite „ „,„ „„, ^ mK ^ phosphoMBs 

^^by-eof^^^^^^ >cWnstaffltafcaiidCDR 

shuBmj or various combiralionsoflbeseprocdiiFts. 

^^^^obJ« trftte ^^. M ^^ miiteriK 

for use in prodrug activation. 

displayed on phage comprising the steps of: 

(a) generating a gene library of antibody-derived domains; 

<b> i"*rdng codingfo^ vector . and 

(p) isolating said catalytic antibodies. 



The invention further provides a method for isolating catalytic antibodies displayed 
phage comprising the following steps: 



on 
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(a) preparing an antigen; 

(b) immunizing with said antigen; 
(c) 



(d) 

(e) 
(0 



cloning said VH and VL domains into a phage e*p reS sion vector to generate 
phage display antibodies; 

selecting phage display antibodies which bind specifically to said antigen; 
screening said selected phage display antibodies for catalytic activity , 0 
substrate; and 

(g) isolating said catalytic antibodies. 

invention further provides a ^ for ^ ^ ^ 
displayed on phage comprising me [ onowinR steps . 
(a) preparing an antigen; 

generating a library of VH and VL domains; 

cloning said VH and VL domains into a phage expression vector to generate 
Phage display antibodies; 

selecting phage display antibodies which bind specifically to said antigen; 



(b) 
(c) 



(d) 
(e) 



screemng said selected phage display antibodies for catalytic activity to 
substrate; and 



(0 isolating said catalytic antibodies. 

ptaso .tough ctah shuffling aa,^ lhe f0||Mliiit ^ 

<•> combu*,, . libraiy VUg.^™^,^,^^ 
library; 

(b) dotting the shuffled chain; 

(c) expressing said catalytic antibody on phage; 

(d) selecting against an antigen; and 
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(b) 
(C) 

(d) 
(C) 
(0 



(e) screening for catalytic activity. 

(a) isolating VL and VH genes; 

isolating a library of CDR legions; 

- V " * - *-T * GDR rcg i„„ s „, 
pnxiuce a CDR shuffled library; and 

cloning the CDR shuffled library; 

expressing said CDR shuffled library on phage; 

selecting against an antigen; and 

(g) screening for catalytic activity. 

Phage through imprinting comprising the following steps: 

(a) selecting a set of antibodies; 

(b) bating a set of VH and a set ofVL genes from said antibodies; 
(0 ^"^dsetofVHwimab^^ 

WUh 3 hbm y rf ^ <° form two combination libraries; 
(d) cloning said combination libraries; 
expressing said libraries on phage; 
selecting against an antigen; 

(g) isolating selected libraries of VH and VL genes; 

(h) combining said bbraries of VH and VL i 
O 



(e) 
(0 



0) 
00 
0) 



■ genes; 

cloning said combined libraries; 
expressing said combined Ubraries on phage; 
respecting against an antigen; and 
screening for catalytic activity. 
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effects amount of a phage-derived catalytic antibody. 



(a) ingoing a prodrag into . ^ ^ ^ ^ a ^ ^ 

therci " Which UP °" the active form of said drug; «, 

(b) ^ta-pfc..^,^^ 

antibody capable of cleaving said bond in said prodrug. 
BRIEF DESCRIPTION OF THE DRAWINGS 

to lhe text and to the drawings. 

». 1Z, and 15, respectively, and jmennediates ihereof. 



,hhJ1 5 *" ™ ra0l,i " 8 ta fc ^ ° f ^ 

PHEN-OX16 to give pHEN-OX16liisl 1. 



HG. 6 shows an SDS polyacrylanide gel starved with coornassie are: 

(a) total periplasmic proteins from 1 ml of cells. 

(b) unbound fraction from 1 nu of cells, after addition of binding matm. 
(0 fraction bound and elated from matrix, equivalent to 1 ml of cells, 
(d-f) are purified fractions equivalent to 5 mis of cells. 

(d) pOX16-his-lI antibody fragment eluted with PBS+IMNacl, 250 mM 

imidazole. 

(e) pOXlo-lus-ll antibodyfragrn^ 
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(0 P SCFv4his-6 antibody fragment eluted with PBS+1M NaCl, 250 mM 
imidazole. 

FIG. 7 shows pCANTAB vectors encoding C terminal his-6 peptides. 

FIG. 8 shows the competitive assay results for selected mouse RT3 phage antibodies 
with haptens (RT3) portions of the haptens (RT3 A and RT3B) or portions of the product (Prod 
A and Prod B). 

HQ. 9 shows the genetic sequence of light chain pattern A and light chain pattern C 
from mouse-derived RT3 phage antibodies. 

FIG. 10 shows the alignment of the mouse germline to the genetic sequence of light 
chain pattersn B, D, and I from mouse-derived RT3 phage antibodies. 

FK3. 1 1 shows the comparison of genetic sequences of light chain patterns A, B, C, D, 
and I from mouse-derived RT3 phage antibodies. 

FIG. 12 shows the genetic sequence of heavy chain pattern A from mouse-derived RT3 
phage antibodies. 

FIG. 1 3 shows the alignment of the mouse germline to the genetic sequence of heavy 
chain patterns B and D from mouse-derived RT3 phage antibodies. 

FKJ. 14 shows the comparison of genetic sequences of heavy chain patterns A, B, C, 
D, and I from mouse-derived RT3 phage antibodies. 

FIG. 15A shows an HPLC chromatogram of a catalytic assay of IMAC 
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pure scFv from clone 18. 



^ IOTstowSMHPLCchro ^^ 

pure scFv from clone 18 



FIG.15C shows an HPLC chiomatogram of a catalytic RT3 assay blank at pH 9.0 

FIG. 16 shows an HPLC clnomatogram of a catalytic assay of HIC pure scFv from 
clone 18. 



FIG. 17A shows an HPLC chromatogram of a catalytic assay of IMAC pure scFv from 

clone 83. 



FIG. 17B shows an HPLC chiomatogram of a catalytic assay + RT3 hapten of IMAC 
pure scFv from clone 83 



FIG. 18 shows an HPLC chromatogram of a catalytic assay of HIC pure scFv from 
clone 83 



FIG. 19A shows binding pattern of clones to RT3 obtained after 3 rounds of panning 
of a naive human-derived phage antibody library. 

FIG. 19B shows binding pattern of clones to RT3 after 4 rounds of panning of a naive 
human-derived phage antibody library. 

FIG. 20 shows genetic sequences of heavy and light chains of RT3 specific phage 
antibodies selected from a naive human phage antibody library. 
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FIG. 21 shows (he genera] scheme for VH and VL chain shuffling. 

„ m .™- K *~ R13 - BSA ^ ** PoMona, phage derived „„,„„ 
shufilid libraries after PANO, PAN1, and PANZ 

HO. 23A shows illhioiloio „ ^ ^ ^ R ^ BjA ^ ^ 

portion of RT3 hapten (RT3 A) or substrate (Product AX 

HO. 23B shows inhibit™ „ ^ m , ibKly ^ 
ponton of RT3 hapten (RBB) or mbstrate (ftodoct B); 

P.O. 24A shows yield „f phage eUllKl ^ m RT , A ^ ^ ^ ^ ^ 
EUSA wells coated with 0.3 ng of RT3-BSA. 

BO. 24B shows yield of phage ekted with RT3, RT3A. RT3B, and TEA from EUSA 
wells coated with 15ugofRT3-BSA. 

I. onier that the imm « M ^ ^ ^ fc ^ ^ ^ 
f*w,ng de^ed description „ se, fori, Tnis descriptfcn. while exemplar, .f lte 

scope of this invention. 

DETAILED DESC3UPTION OF THE PREFERRED EMBODIMENTS 

For the sake of convenience and ready reference, «he following define wiH he nsed 
in describing the instant invention. 

Analog encompasses isomers, homo.ogs, transition states or other compounds 
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necessarily catalyze a reaction of the analog. 

" Antibody describes a„ itnmunoglobuli. whether uattna, or p^y „ wholly 
syndteticallyprodtKcd. ~ ™ y p^^ „ M „ g ^ ^ 
homologous „ ,,, moiM ^ ^ ^ ^ ^ ^ ^ ^ ^ 

natural sources, or panl, or „bo„y synthetically p ^ ^ ^ ^ 

mmntnoglobulin isotopes and the Btb, Feb.)* scF,, fy. dAb. RJ fhnmtents. 

A "™™^"d^referstoasec«^ 

Anfgen b a subaance, frequendy .^ mtm „ ^ ^ 

produce antibodies and that can combine with the antibodies these produced. 

A domain is a part of a protein that is foMed width, toelf and independent of ou„ 
P»s of the same pro* ^ independently of. cotnrJea«ntary bindi^ member. 

Homoiogs indicate po.ypep.ides having the same or consent residues a. a 
conespondlngposidonin^prtory , aami ^ , KKntay s™ure. The tern, attends 
»'™"™-^desem*.Kese»codi„gm^^ 
homologous peptides ate the immui^globulin isotopes. 

bobung refers a, me separation of a specific pltage frc™ the library. 
Ubmryis.c^lecdot, rf on S oorr < »y„« fc o^ < , & , DNA seances witMn clones 
A naive library is a phage display notary of inttnunoglobunh sequences derived from an 
.nimaj which has no, been immunised whh a»<ono™ e the reacts the reacun, bound 
peptide or other carrier, a reactta, intermediate; a, anamg of the nactant: an analog of the 
pnxiuct in which the antibody so generated is capable of binomg to the reactor, reaction 
uttermediate; and an analog of a reaction inKrn^e or transition sate. 

A package describes a repiicabte genedc display package in which the panicle is 
discing a member of a sbp a, its surface. me package may be . bacteriophage which 
displays an antigen binding domain at its surface. This type of package has' been called a phage 
antibody (pAb). 
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A phage vector is a vector derived by modification of a phage genome, containing an 
origin of replication for a bacteriophage, but not one for a plasmid. 

- Aphagemidvectorisa ««^of .^^e^ 

an ongin of replication for a bacteriophage as well as the plasmid origin of replication. 

A vector is a DNA molecule, capable of replication in a host organism, into which a 
gene is inserted to consinict a recombinant DNA molecule. 

An Overview Of The Method 

Tto tavern™ ***** methods ,„ ^ „„ isoltle ^^^^ 
o» .heir «to .„ mdbody ^ ^ propOTie! ,„ fc ^ Qf fc ^ 

-n^^^fc^^^ ly ca. kpre|MredSOTlellllerspecfflraIly 
— -w.^ mW ffitaaJOTtamu , SMrcKB(fcriIle<ibeI(w 

■nvendondescnbes ^.tagon^^^ ^ ^ by 

one of sc^ iKlndi „ s „„, M ^ „ ^ ^ ^ ^ 

human-derived VH and VL domains 

The first step in generating antibodies with specific catalytic function requires, bu, is 
not necessarily limited to, a chemical hapten (,g„ transition su,,e analog (ISA) that is related 
to.butdistmctfr^mesubstrateofthereaction 

use of said TSA(s) as a means to generate antibodies with catalytic function has been described 
in U.S. Patent No. 4,196,265 issued April 1, ,980, which is hereby incorporated by 
Terence. As described in the prior art, the traditional route for producing and isolating 
catalytic antibodies has been mroug h a n^nocto^ 

The present invention utilizes a phosphonate transition state analog as either an 
immunogen or immobilized on a solid phase to allow generation and selection of antibodies 
which bind said TSA and which may have catalytic properties (see FIG. 1). Unlike previous 
inventions in which catalytic antibodies are produced via hybridoma methods, the unique 
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embodiment of the invention is the ability to express antibody domains, including those with 
catalytic function, on the surface of a bacteriophage. Methods for generating libraries of phage 
with the potential for displaying catalytic antibody domains on their surface are described in 



detail below. 



1 . ftoduction Of Binding and/or Catalytic Phage Antibodies From An Immunized Source 
■n»e TSA is bound to a carrier molecule or peptide and immunized into BALB/C mice. 
After an appropriate amount of time spleens are removed from the mice and mRNA isolated 
from the cells. The RNA serves as a starting source material for amplifying immunoglobulin 
variable domains for cloning into bacteriophage expression vector and subsequent expression 
on the surface of bacteriophage particle. In the embodiment of this invention the variable 
domains are typically linked by a short peptide to produce a scFv as described in the 
background to the present invention. It should be noted that alternative phage expression 
vectors could be used for expression of the antibody as Fab. Techniques for creating said 
phage antibody libraries have been described previously and the details of the process are well 
known to those skilled in the art. (see, e.g., WO 92/01047; McCafferty et al., Nature 
(1990):552-564.; Hoogenboom et al.. Nucl. Acids. Re. s nooi V4i^,:t 7 . Markset a , L 
MoLSioL (1991)^81-597). 

Phage antibodies which specifically bind and recognize the TSA are isolated from the 
library by one of several methods as described below: 

a) Panning - TSA is immobilized directly on a solid surface (ix., tube or plate) or 
alternatively coupled to a carrier protein prior to coating the solid phase surface. 
A suspension containing the library of phage antibodies is allowed to react with 
the coated surface for some time after which unbound phage antibodies (those 
that do not bind the TSA) are removed by washing. 

b) Affinity Chromatography - TSA is coupled to a suitable column matrix fix., 
Sepharose). Phage antibody suspension is passed over the column and 
unbound phage are washed through the column with buffer. 
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Phage antibodies that bind and are immobilized on the solid phase surface can be 
removed by one of several methods including: 

a) Non-specific elution by using buffers of either low (acidic) or high (basic) pH. 

b) Spedf,C e,ution wilh free ha P«™ s«ch as d,e original phosphonate ISA or 
substrate or product of the reaction 

c) Specific elution with portions of the TSA, or substrate or product 

In addition to specific elution of phage antibodies bound to the TSA, it may be desirable 
to control the binding of the phage antibodies during the initial panning or affinity 
chromatography step. One method would be to use competitive inhibition in which the phage 
antibodies are first preincubated with reactants, reaction products or portions of the TSA (see 
Example 9). The purpose of such "preselection" would be to eliminate from the population of 
binding antibodies those least likely to be catalytic. In the context of the present example, those 
eltated would be phage antibodies that do not substantially bind the phosphors portion of 
thcTSA. The type of preselection of the phage antibody library would need to be determined 
experimentally, but ultimately could lead to methods to enrich within the population of TSA 
binding phage antibodies the proportion of catalytic over non^atalytic phage. A greater degree 
of flexibility could be exerted if such procedures were carried out in ELISA wells. Tnus, 
following a particular procedure, the eluate could be collected and the whole plate carried 
through a detection procedure. Based on the results, the eluate from specific wells could be 
selected for further analysis/pannings. 

Following elution of phage antibodies by any or all of the above methods, phage are 
collected and can be subjected to additional pannings (2, 3, 4, 5, etc.) simply by collecting the 
eluted phage from the previous panning and reincubating on TSA solid phase. Since, a certain 
percentage of phage that do not specifically bind to the TSA are carried through each panning 
step Cut., non-specific binders), pools of phage clones or individually isolated phage clones 
are typically rescreened for binding to the TSA by a solid phase ELISA assay. The ELISA 
assay can be done with antibody expressed on the bacteriophage surface or expressed in a 
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soluble fonn as described below. Other formats of the ELISA assay, for example competitive 
inhibition with free hapten, substrate or product or various halves or portions of said hapten, 
substrate or product can be employed to further characterize the binding specificity of the pools 
of phage clones or individual binding clones. 

Individual phage antibody clones or pools of clones which have the appropriate binding 
specificity are then assayed for catalytic activity. Assay for catalysis is most conveniently done 
using soluble antibody and methods for producing soluble antibody from a phage antibody 
expressing E. coli clone have been described previously ( Marks et al, J. Mol. Biol. (1991):581- 
597). A criteria for attributing catalytic activity to the antibody active site is rigorous 
purification of the antibody away from contaminating proteins or enzymes. In this invention, 
purification of the soluble antibody is facilitated by incorporation of specific peptides at the 3' 
carboxyl terminus of the expressed antibody. Examples of such peptides currently used and as 
reported in the prior art include: 

a) histidine peptide - allows purification of antibody on metal iimnobilized on a 
column matrix (1MAC, Hochuli et al., BjoZIecJinology. (1988): 1321- 
1325). 

b) my£ peptide- allows purification on a column matrix on which antibody that 
binds specifically to the myc peptide has been immobilized (Clackson et al. 
ilaiinE (1991):624-628). 

Previous vectors utilized for display of antibody fragments contained only the myc 
peptide (see FIG. 5). The vectors described and disclosed in this application represent the first 
example of incorporation of the histidine peptide in tandem with die myc peptide. This 
represents an improvement over the previous art because it allows purification of the soluble 
antibody using two uniquely different formats and purification conditions. 

Additional purification of antibody can be achieved by utilizing specific properties 
unique to the antibody of interest such as hydrophobic^, charge, and size. Purification is 
affected by any of a number of standard protein purification techniques as described previously 
(Deutscher, Methods in Ensyrnolory, Vol. 182, Guide to Protein Purification (1990). 
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Antibodies isolated by phage antibody techniques described above can be screened for 
the ability to catalyze the desired reaction by a number of methods well known in the art. In its 
simplest form screening is. accomplished by incubating antibody and reactant (substrate) under 
appropriate conditions and measuring the formation of product by any of a number of , 
such as spectrophotometry methods or high pressure liquid chromatography. 



means 



2. Production Of Binding and/or Catalytic Phage Antibodies From A Non-immunized 



Source 

In this emtodiment of the invention source material for generating a phage antibody 
library is from a non-immunized animal or mammal such as human. Non-immunized in this 
example means not specifically immunized with a specific reactant (either bound to a carrier 
protein or as free reactant), reaction intermediate, analog of a reactant or expected products of a 
particular reaction. As demonstrated in the prior an, low and moderate affinity human 
antibodies have been generated to specific antigens using phage antibody libraries generated 
from a non-immunized source. Such an approach provides a method for generating animal or 
human antibodies that bind to a TSA simply by panning the naive animal or human derived 
phage antibody library on TSA as described above. Phage clones which specifically bind and 
recognize the TSA can then be assayed for the desired catalytic function as described. Such an 
approach provides a method to isolate directly an entirely human derived catalytic antibody. 

3. Production Of Binding and/or Catalytic Phage Antibodies By Chain-Shuffling 

A chain-shuffling approach for generating phage antibody libraries takes advantage of 
the promiscuity of binding between VH and VK pairs. In this embodiment of the invention, 
the VH or VK domain from one, several or many different phage antibody clones is 
recombined with a library of VK or VH domains. The phage clones and libraries of VH and 
VK domains can be obtained from an immunized source as described in Section i above or an 
non-immunized source as described in Section 2 above. In addition, the phage clones chosen 
for chain shuffling can be, but is not necessarily limited to, those that have previously been 
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«-* for bM „ g 10 . pmiaiUl ^ FolIowta6 fc ^ shuaBn6 ^ 

donBscrc^tecaal^iKd-^asrarlferdKcribed 

-Mr. ^^^^^^^^^ t 

^ion^„ glC DR w CDR. S wi lU „ a VH w VLdo^owi*. 1 i b ^ ofCDRorCDRV 
A, .,,„ ft. „ ^ )n ^ 3 >bove ^ ^ ^ ^ ^ 

- ^ CDR shufflta8 « b ta ^ „ ^ ^ ^ ^ ctaKs 
activity as described above. 



5. ^^ofBindingand/ora^ 

As described above for CDR shuffling binding specificity of an antibody can be altered 
by changing atnino acids encoded within CDRs. CDR Agenesis for the p Hip oses of this 
invention can be defined as: 

a) * te ^^inwhichoneorafe^ 

are mutagenized. This process normally results in alteration of the wild-type 
amino sequence to several different anuno acids dependent upon the nucleotide 
sequence of the region being mutagenized and the sequence of the mutagenic 
primer. 
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could be ones isolated from phase antibodvlih™~»^ • 

P g anll,)0(,y Uhranes denved from either immnnized or non- 
immunized animal or human sources. 

* is especM, „ ,„ ^ ^ ^ ^ 

subs™». Here side ch™ or btadin, „«, f „ ^ ^ ^ _ 

bond making and breaking. 

d—erisuc.. to derive new enpbodfe, ^ ^ ^.^^ This is done by 
^biningort^^^^^^^,^^^^^ 
When new sndbodv ^ „ ^ kUc „ fc ^ ^ 

m. . endreiy new arfbod, fc ^ „ fc ^ " 

92AH755). «w . 

For example, an printing lp|)tMCI , ^ taw ^ f<jr t ^ 

« al vnc amlbody ^ ^ ^ ^ m h Sttiion , abo>e 

0- «*-. to »H • VL doom of d,e cauly* ^ ^ be 

^binedwithalibrarjoffcc^u.^^^^^^^^ ^ 
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■og^^fc^,,, ^^gn^v^VLdoo^o,*, ^ 
bn-te .s now repUcrf , ltoly „, fc (nnjjjj) (jg|j ve( j yu 

Having now tavaldoiv fc tm)m ^ ^ ^ fe 

pnposM of fflosndon and *e no, fatoufed „ „, ft^ of 

Exmrmlel I 

SyiutaSBtfRTCHiMphonale Transidon State Analog Hapten 

Tbercacdo. acheme forfc !yMhKis of fc „, pjK ^ ttm ^ on 

• <•> * -logon cchang, .sing Mde „ 

— (2 , MichaenVArbnso. ^ wil|l 

^tedio^p,,,^^,^^ Acdv»,i„„ byhradngwlthphosphoros 
P»«cb,on* a*, ^n, ^ ^ Melhy ^^^^ (4) 
con^nd (S). Den^hyto ^ _ r 

pnxluct (7). 

MOTe SPCCiRcaI,y ' a2 - Iodoisodure - < Compound 2) was prepay as follows: 

a2 " Chl ° r0iSOdUrene (Com P° und *> g) was dissolved in acetone (45 ml) and Nal 
(2.25 g) was added. The reaction mixture was stirred vigoroosly a, 75' C in the dark for 16 
hours. The reaction mixture was concentrated, .dissolved in ethyl acetate (100 ml), washed 
w«h water and concentrated toasolid. The solid was Solved in ethyl acetate (5 ml) a.1 
purified by flash chromatography using 100 g 0 f silica and eluting with hexane to give o2- 
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IOdi ° SOdUrene (2) (2 - 717 * » Was by spectroscopy , H NMR (CDQ^ , 125 

(sJH), 233 (s, 6H), 4.48 (s, 2H), 6.85 (s, 2H). 

Preparation of Compound 3 

Freshly distilled Trimethoxyphosphite (5 ml) and 02-Iodoisodunme (2) (0.765 g) were 
heated together at 110' C for 16 hours. Te reaction mixture was concentrated to a small 
volume and purified by flash chromatography using 50 g of silica and eludng with ethyl 
acetate-hexane (2:8 volume by volume) to give compound 3 (0.550 g). This was confirmed by 
spectroscopy - i H NMR (CDC1 3 ) 5 2.25 and 2.27 (2s, 3H), 2.40 (Is, 6H), 3.25 (d, 2H). 
3.65 (d, 6H), 6.88 (s, 2H). 

Methyl 4-HydroxyphenyIacetate (Compound 4) 

4-Hydroxyphenylaceric acid (1.75 g) was dissolved in methanol (30 ml) and 10 M 
aqueous hydrochloric acid (0.15 ml) was added and heated to reflux for 15 hours. After 
cooling to room temperature, triethylamine (1 ml) was added, the mixture concentrated, 
purified by flash chromatography using silica gel (30 g) and eluted with ethyl acetate-hexane 
(2:8 volume by volume) to give Methyl 4-Hydroxyphenylacetate (4) (1.693 g). This was 
confomed by specttoscopy - . H NMR (CDCI3) 8 3J58 (s, 2H), 3.73 (s, 3H), 6.75 (d, 2H), 
7.10 (d, 2H). 

Preparation of Compound 5 

Compound 3 (0.243 g) was dissolved in dry chloroform (3 ml) and a solution of 
phosphorus pentachloride (0.240 g ) in dry chloroform (3 ml) added followed by heating at 
6CT C for 3 hours. The reaction mixture was concentrated to an oil which was left to stir under 
high vacuum for 16 hours. The resultant phospborochloridate was redissloved in dry 
dichloromclhane (3 ml) and added to a solution of Methyl 4-Hydroxyphenylacetate (4) (0.150 
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g) and 4^inKthylaminopyridine (0A46 g) in diy dichloromethane (3 ml) atO* C The reaction 
mixture was stirred at room temperature for 16 hours. Saturated aqueous ammonium chloride 
(15 ml) was added and products were extracted into (fachlorometriane (40 ml). The organic | 

layer was washed with water (10 ml), dried over anhydrous MgS0 4 , filtered and concentrated I 

p 

then purified by flash chromatography using silica (30 g) and eluting with ethyl acetate-hexane 1 
(4:6 volume by volume) to give compound 5 (0.20 g). This was corifinned by spectroscopy - 1 
«H NMR (CDC1 3 ) 8 2.27 and 2.30 (2s, 3H), 2.40 and 2.42 (2s, 6H), 3.40 (d, 2H), 358 (s, 
2H). 3.67 (d, 3H), 3.69 (s, 3H). 6.88 (s, 2H), 7.05 (d, 2H), 720 (d, 2H). 

Preparation of Compound 6 

Compound 5 (0.19 g) was dissolved in dioxane (1 J ml). Thiophenol (0575 g) and 
triethylamine (0.70 ml) were added and the reaction mixture was stirred for 16 hours. The 
mixture was concentrated, redissolved in water (30 ml) and washed with dichloromethane ( 5 x 
25 ml). The aqueous layer was adjusted to pH 1 with aqueous Ha and extracted with ethyl 
acetate (5 x 30 ml). The organic layers were combined, dried over anhydrous MgS0 4t filtered 
and concentrated to give compound 6 (0. 176 g). This was confirmed by spectroscopy - 1H 
NMR (CDCI3) 6 2.15 (bs, 3H), 2.28 (bs, 6H), 3.13 (d, 2H) 3.40 (bs. 2H), 3.60 (bs. 3H), 
6.68 (bs, 2H), 6.85 (bs, 2H), 7.00 (bs, 2H). 

Preparation of Compound 7 | 

Compound 6 (0.087 g) was treated with a solution of lithium hydroxide tnonohydrate 
(0.025 g) in methanol (1.4 ml) and water (0.30 ml) with vigorous stirring for 50 hours. The | 
reaction mixture was concentrated to a third of its volume, water (10 ml) was added and the | 
aqueous layer was washed with dichloromethane (3x10 ml). The aqueous layer was adjusted * ; P 
to pH 1 with concentrated HQ and was extracted with ethyl acetate (7 x 20 mL). Organic 
layers were combined, dried over anhydrous MgSCU, filtered and concentrated to give 
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co« (0.063s, ^ amBnmiiymm _ 1 „NMR (d , DMS o )52!7 „ 

ZZ£ 3B> ' 230 <! ' 6I0 ' "° * m 3 - 30 fc 2H) - ^ ™ * * 



Example 1 ?. 

*** ° f UftHMd tata « <*™ mfUta ft. ta*- 

(RT3A) (see FIG. 2) 

triethylamine. 

CO"*— l»B«« di^ in dioxore 0J mI) and ^ iilnjnt a ^ 
of ftfapM (0.55 s) „ diorare „ j m|) ws ^ Trfc(hy|aii] . ne <o ?o ^ ^ ^ 

and the solution is stirred for 24 hmire it . 

" hOUIS at r ° oni '«nperature. Reaction mixture was transferred 

aqueous HQ and then it was washed with dichioromethane (5 x 50 m,). T*e aoueous , aycr 

was acidified to pH 1 with 1 M aqueous HQ and Mtn ~,-* -u , , 

^ MU antJ extracted with ethyl acetate (2 x 75 ml) The 

org™ Lym coa,bi„«. .d w^hed « „. (5 ^ ^ „„, ^ 

IM »d concent Partfi^ osing tf ^ ^ ^ ^ 

(0.055 *»■ ^ . ,„ NMR (d( DMS0) 5 iw fc 3H) ^ 

(bs, 6H). 3 J (d, 2H). 3.30 (d, 3H), 6.85 (s, 2H). 

Example 1 ,? 

Symhesis of Ri gh tIta d ,>„„,„, (Compolmd 12) „ RTJ ^ ^ 
Analog (RT3B) (see FIG. 3) 



Preparation of Dibenzylmethylphosphorate (Compound 9) 
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Sodium hydride (60% dispersion in mineral oil) (0.16 g) was washed with dry hexane 
(2x .On,.,. Tod»d=c mK d M nd.^ 1OT( 5^ )TO ^^ Ites ^ suspeiiskMwis 

the mixture warmed „ room Bmpm!OT . ^ ^ ^ ^ ^ ^ ^ 
■dded and d« reacdo. ^ ^ f „ 2 hMre ^ ^ ^ ^ ^ 

rcdisst*™, i. cay, .cerate (75 mr, washed with saturated aoueous a™™™.™ ciodde' 
soludon (50 .1) and water „0 m,). m ^ hyer ^ ^ ^ ^ 

filtered, omcentraed to p^Bed by flash chromatography using silica (.0 g, «, elnting 
wifte^Ucc^e^O:,^,,^^ ^ ^^^^ ^ 

(0.750 g). This was ootUhned by specnoscop, - m NMR (CDC,) 6 1.48 (d. 3H), 5.00 (m, 
4H), 7.40 (s, 10H). 

Picpniadon of Be«,ta«hyh*osphoiic Acid (Compound 10) 

Wbenrytae^h^c^ (9) «U77 g) ra dissolved in dioxane (, wa«r 
(0.5 ml). A=ueous2MUOH (.„,,, was a^d^temi^ was v,gon»slysurredfor48 
I™-, ""^^addedarrftteaouec^layerwas^ 

Tne aqueous bver w acidifcd „ pH , wid, cc™*,,^ HQ „„ ^^^^^ 
(2 x 35 ml). Organic layers were combined, dned over anhydrous MgSO,. Altered and 
concentrated to give Benzylr»ethylr*«phoric acid (1.) (0.183 g). This was conHrmed by 
spectroscopy - ,H NMR (CDO,, 6 1 J3 (d, 3H). 5.0. (d. 2H>. 7.40 (rr, 5H), . ,.90 (s. ,H>. 

Preparation of Compound 11 

Bcnzylmethyjphosphoric acid (10) (0.1 18 g ) was dissolved in ihionyl chloride (1 m l) 
and sum* for 4 hours. The reaction mixture was concentrated to dryness and was left under 
high vacuum for 16 hours. This was redissolved in dry dichioromethane (1 ml) and DMF (1.5 
ml). With stirring Methyl 4-Hydroxyphenyl acetate (4) (0.083 g) and trieAyiarnine (0.170 
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no.) was added. After !6 hom , ^ ^ ^ ^ ^ ^ ^ 

dr.ed over anhydrous MgS0 4 . altered and cc^ed. _ ^ usjns 

P*P»n,.iv« „ c plates o „,„„ >1Ki ^ ^ w ^ ^ ^ ^ 

SO.VCU. .o give co^po.™,, <„> (o.^ g, TOs Ms by jpectt()scoi>y ^ 

(CDC,,, S ,.67 <d. 3H>. ,.«, 3.73 (s, 3H>, 5 ,5 On, 2,1). 7,3 (4 2 „, 7-25 (d , 

2H), 7.40 (s, 5H). 

Preparation of Compound 12 

MeAytata, of dibenzyl phosphite nMhyl MUk ^ ^ 

Activadon with ■„,«,„ ^ ^ ^ ^ 

C^proo^compo^da Hn. l p^ mlI2ra( ^ bylhecat , lyiicbydro8Hiai . iMof 



C^ndH^gJ^dissa^iu^^^^^^^^^ 
ctocod^g,™^. ^ntarew^underanatreo^ofhy^^ 
bouts. It was then filtered through a bed of cettte and ethyl acetate (2 x 10 ml) added lo wash 
P"».»as iron, the celhe. A11 wrings Md rilMles ^ ^ ^ ^ 

contpound 12 ,a038 g). Uis w* confix by spectroscopy . „, nmr (CDa)) 6 M8 
Ws. 3H). 3.60 (bs, 2H). 3.68 (bs, 3H). 7.15 On, 411), 8.20 (vbs, 1H). 

Exnmplft \ t A. 

Synthesis of RT3 Substrate (see FIG. 4) 

Preparation of 4-Hydroxyphenylacetamide (Compound 13) 

Methyl 4-Hydroxypheny.acetate (4) (0.83 g) was dissolved in saturated n«tbanolic 
ammonia (30 ml) and p.aced in a thick walled tube with Tenon scxew cap. Tte soiution .as 
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-^-ivedmmet^^ Nocry Sta Ui Mtion 
occurred so the solution was concentrated to half* volume ^ hexanc ^ ^ ^ 
heating. Cooling to 0' C gave crystals of 4-Hydroxyphenylacetamide (13) (0324 g). 
was confirmed by spectroscopy - i H NMR (d 6 DMSO + CF^D) 8 3.23 (s, 2H), 6.63 (d, 
2H), 7.00 (d, 2H). 

Preparation of Compound 15 

1 "* B *" Ta < m " * <*°>™°>>>*ym of.be methyl eaeM. Acdvation „f 

compound 15. 

MesityUcenc acid (0..0 g) w* disso!ved in thionvl <, ml) ^ sljmd te 4 

hours, ^^"^wasconcc,^^^^^^^^^^ 

hours. -n, e reata „« Miraylcllteide (I4) ^ ^ ^^^^ (i ^ 

awi»(Jdedtoasoliilionof4-HydiOTyphenyIacelamide(^ 

roL) in dry DMF (1 „,,). The reaction mUtu* „ ^ „ w ^ ^ 

redissolved in ethyl acetate (30 ml) and washed with saturated aqueous sodium bicarbonate (25 
ml) and water (5 m,,. The organic iayer was dried over anhyd™ MgSQj, fitaed and 
co^eranaed. Purified was ^ved by prepay™ ^ ( , mm) ^ l ^ lKcaKK 
solvent to give compoond U (0.055 g). This was cordirmed by spectroscopy - IH NMR (d« 
DMSO + CF3CO2D) o 2,3 (s, 3H). 22, (, «1 D . 3.35 (s , 2H) , fc 3H)i 6 ,„ fc ^ 
6.93(d,2H),7J3(d,2H). 

Example ; > 

Hapten Conjugations 

j 

RT3 hapten, 4-(carboxyrnethyl) phenyl-^trirr^ phospljonaIC 
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(compound 7, Figure 1), was conjugated to bovine serum albumin (BSA) and keyhole limpet 
hemocyanin (KLH), via the free carboxyl group on the hapten. 

54 m 6 of RT3 was dissolved in phosphate buffer at 37* C, and then mixed with 6 mg 
EDC, I^thyl-H3Kfimethylaminopropyl)cailK-.iiimide-Ha, and N-hydroxysuIfosucccinimide 
(S-NHS), at a molar ratio of 1:2:2, respectively. 10 mg of BSA was dissolved in water and 
then added to the hapten. The molar ratio of hapten to BSA was 100:1, using a BSA molecular 
weight of 64,000. The mixture was stirred at room temperature for 3 hours and then dialyzed 
against 2 changes of phosphate buffered saline (PBS) at 4* C over 2 days. 

The RT3-KLH conjugate was made in a similar manner to RT3-BSA except that the pH 
of the hapten, EDC, S-NHS mixture was adjusted to 6.0 with NaOH before the addition of the 
KLH. The hapten to protein ratio was 100: 1 using a protein molecular weight of 64.000. The 
reaction mixture was stirred for 2 hours at room temperature, and then dialyzed against PBS at 
4* Cover 2 days. 

After the dialysis, the protein concentrations were determined by the micio-bicinchonic 
acid assay using BSA as the protein standard (Pierce, Rockford, Illinois). 

Example 3 

Immunizations And mRNA Isolation 

BALB/c female mice, 14- weeks-old, were injected intraperitoneally with 50 fig of RT3- 
KLH emulsified in complete Freund's adjuvant The mice were boosted with 10 Jig of RT3- 
KLH emulsified in incomplete Freund's adjuvant at weeks 4 and 7. The mice were sacrificed 
three days after the last injection and the spleen removed and used as a source of mRNA. The 
immune response after the second injection was measured by ELISA. The titer of the 
antiserum against RT3-BSA was 1:100,00). 

Preparation of mRNA - mRNA was isolated from 105 mg of spleen obtained from a 
mouse immunized with RT3-KLH as described above. mRNA was purified using a FastTrack 
mRNA isolation kit (Invitrogen Corp, San Diego, CA.) following manufacturers instructions. 
The mRNA yield was 5.4 ug as determined spectrophotqmetrically using the following 
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fuinuila: 

[mRNA]= (A260) (0.04 ug/ul) D where D is the dHution factor 

Example 4 

Materials and Methods for Construction Of Phage Display Libraries 

Protocols used in the following procedures were described in Sambrook et aL, 
Molecular Cloning: A Laboratory Manual Cold Spring Harbor Laboratory Press (1989). 

Restriction digestion, analysis of restriction enzyme digestion products on agarose gels, 
purification of DNA using phenoVchlorofonn, preparation of 2xTY medium and plates, 
preparation of tetracycline and ampicfllin stock solutions, PAGE of proteins, Preparation of 
phosphate buffered saline, preparation of plasmid DNA by alkaline lysis, r**rtm chloride 
purification of plasmid DNA. 

All enzymes were supplied by New England Biolabs (Beverly, MA) and were used 
according to manufacturer's instructions ?niess otherwise stated 

L i g ations were done using an Amersham (Arlington Heights, IL) ligation kit. DNA 
purifications using glass milk (Bio 101, La Jolla, CA ) or ™gfc minipreps or ma g ic pcr 
preps (Promega, Madison, WI) were done according to "mniifaciufpi's conditions. 

Pre p a r ati on of co mp w mt cells and transformation were done according to the method 
described in the Bio-Rad (Hercules, CA) efectnnransf bnnarion protocols. 

The following are described in McCafferty et aL, 1992, Patent No. WO92AJ1047: 
preparation of phage, phagemid panicles, single stranded DNA, expression erf soluble single 
chain Fv a nt i b odi e s, the procedures for panning and ELBA, analysis of diversity by PCR and 
BstNl digestion. 

DNA was transformed into com pet en t TGI cells (genotype: K12d(lac-pro), sup E, thi, 
hsdD5/FtraD36, pro A+B+, Lac Iq, lac ZdM15) cm: HB2151 cells (genotype: K12d(lac-pro), 
thi/F pro A+B+, Lac IqZ dM15). 

The mouse PCR primers, the vector pCANTAB 3 and pCANTAB 5, and anri-M13 
antibodies are available from Pharmacia (Piscataway, NJ) (Cat, No. 27-9400-01, 27-9401-01, 
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27-9402-01 respectively). 
Examnle 4.1 

Preparation Of Vnctors Facilitating Rapid/Multiple Isolations Of Soluble Single Chain Fv 
(scFv) Antibodies Using "Immobilized Metal Affinity Cciiromatography Procedure" (IMAC) 

In screening for catalytic antibodies, it would be advantageous to have a means of 
readily purifying/concentrating bacterially expressed antibodies from phagemid vectors. The 
following changes were incorporated into the phagemid vectors pHEN, pCANTAB (see 
McCafferty et aL, (1992) Patent Application WO 92/01047, Hoogenboom H.R. et al., Nucl. 
Acid Res. 19, (1991):4133-4137, Pharmacia product literature Cat. No. 27-9401-01): 

i) sequences encoding six histidine residues at the C terminus of the antibody 
were introduced. 

ii) sequences encoding a myc tag peptide at the C terminus of the antibody were 
included for sensitive detection/alternative purification of SCFv's. By 
incorporating these changes, a very simple and rapid procedure for 
concentrating and purifying bacterially expressed antibodies has been 
developed. 

Two pairs of oligonucleotides were synthesised to generate the double stranded inserts 
shown below. These have 5* overhangs compatible with the Noti site and so can be cloned 
into this site in pHEN, pCANTAB, regenerating the Notl site at the 5' end as shown below. 

His-6 1/2 

ala ala his his his his his his amb 
5XJ GCC GCA CAT CAT CAT CAC CAT CAC TA 3' 
3* CGT GTA GTA GTA GTG GTA GTG ATCCGG 5' 

His-6 3/4 

ala ala his his his his his his g!y 
5'G GCC GCA CAT CAT CAT CAC CAT CAC GG 3* 
3' CGT GTA GTA GTA GTG GTA GTG CCC CGG 5' 

(amb= amber codon) 
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ffis-€ 3/4 was cloned into pHEN-OX16 which consists of the high affinity oxazalone 
binding clone described in Oackson et aL, Nature 352 (1991):624-628, doned into the 
Pstl/NotI site of pHENl. This constrna will give rise to a product consisting of [aOX 
antibody-his-6-myc tag-amber codon- gene3] which can be detected with the 9E10 antibody 9 
(die cell line prodncmg 9E10 antibody 9 is available fiom ATCC Rockville, MD, CRL1729 
designated MYC1-9E10.2). The new constrna is called pOXIQiis-ll and is shown in figure 
5. 

This done was used to work out the "immobilized metal affinity chromatography 
procedure" OMAQ purification regime described below. An additional construct, was made 
by inserting EEs-6 1/2 into the clone scFv4, which consists of die rysozome binding D1.3 
scFv antibody cloned into pCANTABS. This construct will give rise to a nrodua consisting of 
(D13 antibary-bis-6-amber codon- gene 3) which can be detected with anti-D13 andserum. 

All cloning manipulations were carried out in TGI and the correct clones introduced 
into the non-suppressor strain HB2151 for expression as single chain Fvs. 

All volumes are for an initial culture volume of 50 mis and all bacterial growth was at 
30* C in the host HB2151. E. coli cells carrying the plasrnid of interest were grown to 0.7-1.0 
ODJml in 2xTY med iu m supplemented with 2% glucose, lOOngAnl ampicffliiL The culture 
was centrifiiged in a 50 ml Falcon tube at 3500 ipm for 10 minutes at room temperature, 
resuspended in 2xTY/100u S /ml ainpicillin/lmM IPTG and grown for 3 hours. The culture 
was aanrifuged in a 50 ml Falcon tube at 3500 ipm for 15 mimnes at a temperature of4*C and 
is resuspended in 1 ml of cold buffer A (PBS/1M NaO/lmM EDTA) and left on ice for 15 
mimites. The sample was centrifiiged 2x10 trdnntes, the supematani carrying the periplasmic 
contents coflected and MgQ2 added to 1-2 mM. 

400 fil of a 1:1 slurry of Ni-NTA agarose:buffer 1 (Qiagen, Chatsworth, CA) which 
had been pre-eqnil ibr ated with buffer A was added to the periplasmic preparation and incubated 
for 10 minutes on an inverting platform at iccm temperature. Themuonre was centrifiiged at 
low speed on a mkrofuge for 10-15 seconds and the pellet resuspended in 1 ml of buffer A. 
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TMs process was repealed another 2 rimes before resuspending in 100 pi of either PBS or 
buffer A carrying 250 mM imidazole. After 10 minutes the supernatant was collected and the 
pellet re-extracted with another 100 ul of the same buffer and pooled. 

Results are shown in FIG. 6, in lanes marked with the capital letters A, B, C, D, E and 
R Lane A, FIG. 6 shows abundant accmnnlation of scFv in the periplasm after 3 hours 
induction. As expected scFv was only found in the culture supernatant after overnight 
incubation (data not shown). Isolation of antibody from the periplasm not only has the 
advantage that it can be prepared after a shorter induction, wim 

product, but also the initial centrifuganon step itself effectively concentrates the antibody, when 
working from the periplasm. Lanes B and C show thai the antibody fragment is efficiently 
bound and recovered after incubating the Ni-NTA matrix with peripiasmic extract (see Lane A) 
andelnimgboimds^wimBiifc Lanes D and E 

shows mat elation can be carried out in PBS/250 mM imidazole, without added Nad This 
may be a more useful buffer for subsequent use of the antibody. Lane F shows that the clone 
scFv4his-6 produces an antibody nagmon which can be recovered mtte 
Tbisprocsdiireisaverysimpkme^ 

facilitate me laepararion of multiple samples simultaneously as required for screening for 
catalysis. 

Vectorfbnns of the above construct were prepared by cleavage wim Notl andBamHl 
ro isolate DNA extending from the N sire m the middle 

of gene EL Has was used to replace the equivalent Notl/BamHl site within PCANTAB 3 and 
pCANTAB5 to give the vectors PCANTAB 3 his-6 andpCANTAB5 his-6. This transfers the 
myc tag and the Ms-6 tag to the new backbone (Figure 7). 

Example 6,2. 

Preparation Of A Phage library Derived From Mice TmrrrmT^ y^fr p 73 

Sequences of all primers used far the construction, PCR and sequence analysis of 
mouse derived phage display libraries are shown below: 
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SEQUENCE OF VK PRIMARY PRIMERS. 
VKA BACK 5' GAT GTTTTG ATG ACC CA A ACT rr& v 
VKB BACK 5* GAT ATT GTG ATA ACC CAG OAT fiATi r 
VKCJJACK 5' GAC ATT GTG CTA^ ACC CAGHnCT CT"! v 
VKEBACK ?^ C ^^T^C^TC^Sy 3 

VKF BACK J £^ S SEHF ACC CAG TCT CCA 3' 
B ACK 5 GAA AAT GTG CTC ACC CAG TCT CCA 3' 



MJKIFONX 5* COG TTT GAT TTC CAG CTTOfiT err v 

MJK2FONX 5* COG TTT TATTTC CAG CTTG^T^TfY^r 

MJK4FONX 5* CCG TTT TAT TTC CAA CTT^nrr 

MJK5FONX 5' CCG TTT CAG CT^ CAG OT G^CTC 3" 

SEQUENCE OF VH PRIMARY PRIMERS. 

S N SS FVKL,NKERPR,MERS - 

TOUrSicR 0 CAA ^ ATC CGATCCGCCACCGCCAGAGCC 

VkoS^ GGT TAT CAC ^ ATC CGATCCGCCACCGCC AGAGCC 
S£u8aS° GGT T/CA ° CAC ^ ^CGATCCGCCACCGCCAGAGCC 
^NK^ ^ CTG GAT GTC CGATCCGCCACCGCC AGAGCC 
^ A NKFO^ G GAG AAC AAT ™ CGATCCGCCACCGCCAGAGCC 
TOG AGA CTG GGT GAG CAC ATT TTC CGATCCGCCACCGCCAGAGCC 
SEQUENCE OF VH LINKER PRIMER. 
LINK BACK 5' GGG ACC ACC GTC ACCGTCTCCTCA 3' 

pull through primers 
KIJVg^gt^ 

JK2NOT10 5X3AG TCA TTC TCC^^ CAG CTT GGT GCC 3' 

JK4NOT10 sW^TTC^^CC^^ 

Jksnotio iwWffigggffi^gww 

PCR SCREEN PRIMERS 

KSJ2* 5'GTC ATT GTC GGC GCA AfT att nr-r att> v 
FDTSEQI 5'GTC GTC TTT CCA GAC OTT A ^n ,G J G ^ 



Spleen tnRNA was used from a mouse immunized with RT3-KLH (see Example 3) 
and cDNA was prepared using random hexamers (Pharmacia, Piscataway, NJ.) as primers. 
PCR reaction conditions are essentially as in McCafferty et al., Patent application WO 
92/01047, using Taq polymerase according to manuracturers conditions. 
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The primary heavy chain product (VH) was made using die primer VH1FOR-2 and 
VH1BACK. The primary tight chain PCR product (VL) was made in 5 separate reactions using 
an equimolar amount of the 4 MJKFONX primers with one of the 5 VKBACK primers 
(VKABACK, VKCBACK, VKDBACK, VKEBACK, VKFBACK). PCR conditions for 
VL's were 25 cycles of 94* C. for 1 minute, 55* C for 1 minute and 72' C for 2 minutes, 
followed by a 72' C incubation for 10 minutes. For the VH's 60' C was used as the 
hybridization temperature rather than 55* C as this gave better results. 

Linker fragments were prepared using the template pscFvNQ 1 1 (McCafferty, J. et al., 
WO 92/01047) with the primer UNKBACK with 5 separate reactions each containing one of 
primers VKALINKFOR, VKCLINKFOR, VKDLINKFOR, VKELINKFOR, 
VKFLINKFOR, 

Primary products were gel purified and linked together in 5 separate linkage reactions 
using linker fragments complementary with the 3' end of VH and with the 5' end of the various 
VL's. Linkage was done in a "mock" PCR reaction using the three fragments and no added 
primers. The linkage was carried out in duplicate in a 25 uJ volume with approximately 10 ng 
of each fragment present This linkage was taken through 25 temperature cycles of 94* C for 1 
minute, 60* C for 2 minutes and 72* C for 2 minutes followed by a 72* C incubation for 10 
minutes. 25 pi of assembly reaction was run on a gel and after de-staining the assembled 
product was just visible on the gel (data not shown) 

The material for cloning was prepared in a secondary PCR reaction using primers 
which introduce cloning sites (VH1BACKAPA 10 and a mix of JK1NOT10, JK2NOT10, 
JK4NOT10, JK5NOT10). A small amount of product from the linkage reaction was used as 
template (1 uJ into a 50 |Xl PCR reaction). PCR conditions were 25 cycles of 94* C for 1 
minute, 55* C for I minute and 72* C for 2 minutes followed by a 72* C incubation for 10 
minutes. 

The secondary PCR product was cut with the enzymes ApaLl/Notl, gel purified, 
cloned into the ApaLl and Notl sites of pCANTAB3his-6 and transformed into 
electrocompetent TG I cells. (Transformation efficiencies were 5x lOtypg-for pUC19 and 
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lxlOMOtyig for Ugated vector). A library of 12 x 106 clones was generated and 18/20 
clones were found to have insert Analysis by PCR and BstNl digestion indicate that these are 
all different . 

Example 4.3 

Panning The Mouse Anti-RT3 Library Against RT3-BSA 

The panning procedure was essentially as described in Marks, J. D. et ah, 
Biotechnology 10 (1992):779-783. The RT3 hapten (compound 7, Figure 1) was conjugated to 
BSA as described in example 2. Nunc (Kamstrup, Denmark) immunosorb tubes were coated 
with 1 ml of RT3-BSA at 20 mg/mL The tubes were blocked to the top with 4 mis PBS/2% 
milk powder for 2 hours at 37* C and 0.8-1.0 ml of concentrated phage (equivalent to 10-50 
mis of culture supernatant) was used for binding. Tubes were not inverted. Binding of phage 
and washing was done using MOPS buffered saline (MBS which is 50 mM MOPS pH7.4, 
150 mM Nad). 

Washing was done ten times with MBS/0.1% Tween 20 and ten times with MBS. 
Bound phage were eluted using 800 ml of 100 mM triethylamine, neutralized with 400 ml of 
1M Tris pH 7.4 and infected into exponentially growing TGl-tr cells (T phage resistant TG 1 
cells). The cells infected with the eluate were plated onto large (22x22cm) TY plates 
supplemented with 2% glucose/100 mg/ml ampicillin. Bacterial stocks were prepared next 
day, liquid cultures wens inoculated from them and rescued with M 1 3 helper phage and the 
panning procedure was repeated a second time with the concentrated phage. 

The panning process was repeated and concentrated phage was used in a polyclonal 
ELISA. No signal was achieved from the unpanned library but increasing signal was achieved 
through successive pannings (not shown). The numbers of phage eluting after PAN1, PAN2 
and PAN3 increased each time as expected (0.12, 50 and 2200 x 106 infectious phage 
respectively). 

Eluted phage from PAN1 and PAN2 was introduced into HB215 1 cells (a 
non-suppressor line producing soluble SCFv). Individual colonies werejicked into 96 well 
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piarescomainmgTYm^^ 

(TY/G/A) and grown far 4-16 hoars (stock plate). TliesecuW wereusedtomoculaaa 
second 96 well plate wmraining TY/A and 0.1% glucose. Tins plate was incubated for 2-4 
"hours at 30'Cbefore inducing by adding IPTG to laMajid growing ovenri^t Next day 
culture snpemarants were added to ELBA plates previously coated with 2 mg/ml RT3-BSA 
and blocked with 2% inflk powder. Binolng was earned oam IX MBM^ 
bindiiig was detected nsmgtte ix^ 

(Sigma, St. Louis, Missouri). The 9E10 antibody used to detect the myc tag peptide" is 
available from the ATCC. Rockvflle, Maryland (CRL1729, Name given is MYC1-9E102). 

Screening fer binding fromPANl using RT3-BSA as antigen and MBS buffer 
tnroughorttr*pra*drrre In a similar way, U5H 84 

posinves were identified riom PAN! The diversity of the clones was analyzed by BstNI 
digestion of PCR amplified single chain DNA insert from each clone as described in Example 
4.0. 

The results are summarized in Table 1 on a gronp-by-gronp basis as shown below. 
17 of 48 binders analysed from PAN1 (35%) had partem A A total of 78 bmding clones fiom 
115 from PAN 2 (68%) had PCR partem A. (22of these were restreaked and analyzed fimh^ 
and these are presented in the Figure 1 and Tablel). Pattern B was found in 2 of 48 (4.1%) 
clones from PAN1 and 24 of 1 15 (21%) from PAN2. 2of 48 fromPANl had pattern C 
(4.1%), while 3 of 115 fromPAN 2 (2.6%) had this patient Pattern D was f<wnd in 3 of 48 
clones from PAN1 (62%) and 3 of 115 from PAN 2 (2.6%). Thus, the proportion of 
rwsirives from each group appears to alter fromPANl to PAN! This could result in the loss 
of potentiaJly catalytic clones after several rounds of panning if selection is based solely on 
strength of binding to RT3. 
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Table 1. Grouping Of Mouse RT3 Binders According To PGR Panem 



PCR Pattern 


Sample No. 


A 

i 


PAN1 -3,4,6,8,9,14,17,18543^7,30,33,36,45,46,47. 

PAN2-60 t 62,63,64,65,66,67 f 70 f 72 t 74,77,78,79,84,85,86, 
87.88.91.92.96.97. 


B 


PANt-12,20. 

PAN2-AQ tit) d t?9 ^"5 KA KK RC S7 co cn cn t>*> nn nn n i 

r«i^-^,ou,oi,0tf,oo,34,oo,3o,o7 ,58,59,09,82,90,93,94, 
99,100,101,102,103,104,105,106. 


C 


PAN1-5.48 
PAN2-75,76,80. 


D 


PAN1 -10,25,43. 

DA MO CO 0*5 oo 


a 


PAN1-2.13. 


e 


PAN1-11.19. 


q 


PAN1-7.15. 


i (small 

insert) 


PAN1-23,38,44. 


j (small 
insert) 


PAN1 -31 ,40,42. 


E 


PAN2-71.73 


10 unique 
patterns 
from PAN1 


b-21 . d-41 , f-1 , g-33, h-1 6, k-28, t-39, n-34, p-32, G-22. 


4 unique 
patterns 
from PAN2 


F-61,H-81,r-95,J-98. 



At least 15 other patterns were found in PANl with many appearing only once. Many 
other patterns present in PANl were not identified in PAN2. In addition, some patterns 
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appeared ia PAN2 winch had not been identified in PAN1. Tins argues that there is much 
greaier diversity in the library than is indicated by the PCR pattern groups winch we have 
identified. 

Example 4.4 

Binding Analysis of Selected Clones fiom Mouse RT3 Phage Antibody Lihrary 

Several mouse RT3 phage antibody clones isolated fiom PAN 2 (see Table 1, Example 
43) were characterized further in terms of binding specificity. Analysis was done using a 
competitive inhibit 

or porricms of hapten and product, prior to additira 
detail below. 

The clones selected for analysis and their corresponding PCR pattern (see Table 1, 
Example 43) were: 50 (PCR B), 64 (PCR A), 68 (PCR D), 71 (PCR E), 80 (PCR CU 84 
(PCR A), 95 (PCR I), 96 (PCR A), and 97 (PCR A). Soluble scFv was purified from 50 ml 
cultures of each done using the IMAC protocol described in Example 4.1, except bound 
antibody was ehned with 50 mMEDTA, Oo M NaCL The scFv concentration for each clone 
was estimated fiom silver stained SDS polyacrylamide gels bynmrnngaportionof theeluted 
protein on a gel containing appropriate scFv concentration standards. The scFv protein was 
diluted to 4 ug/ml and then serially diluted 1:2 across 1 1 wells of RT3-BS A coated ELBA 
plate. The concentration of scFv giving 50% of the maximum ELBA signal was determined 
fiom the titration. ThisconceniratbnofscFv was used for a subset 
assay described below. 

A competitive inhibition ELBA assay was performed by incubating scFV (at a 
concentration as determined by titration above) with 100 uM of each of die following 
compounds: RT3 hapten (Compound 7, Figure IX left hand portion of RT3 hapten (designated 
RT3A, Compound 8, Figure 2), right hand portion of RT3 hapten (designated RT3B, 
Compound 12, figure 3), The left and right hand portions of the expected products from the 
esteriolyric cleavage of substrate (Compound 15, Figure 4) designated Product A 
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(Mesitylacetic acid, Figure 4) and Product B (Compound 13, Figure 4). The scFv was 
preincubaied with the die inhibitor confound in tubes at room temperature for 1 hour prior to 
addition to RT3-BSA coated EUSA weQs. The results of the assay arc shown in Figure 8. 
TSe OD4i5 rim readings have been normalized to a value of 1, which represents the EUSA 
signal seen for the corresponding scFv in die absence of added competitive inhibitor. The 
results show all of the clones with the exception of 68 and 71 arc inMbied in their binding to 
RT3-BS A with free RT3 hapten. The clones winch did not show inhibition with free RT3 
were shown to have cross reactivity with BSA. Clones 64, 84, 96, 97 and 50 also show 
binding inhibition with RT3A andto a lesser extent with Product A. No inhibition is seen for 
any of the clones tested with RT3B or Product B. 

Example 4.5 

Sequencing Of Mouse Anri-RT3 SCFv(s) 

Although a large proportion of clones from PAN1 and PAN2 fell into the PCR A 
pattern group, it was not dear whether clones in this group were identical or diverse, and so a 
number of these clones were sequenced. Furthermore, in an attempt to determine whether the 
same heavy and light chains were being used within other major pattern groups, some 
representative clones from die other major groups were q^prpnegd. 

Single stranded DN A was prepared from those clones which are emboldened in Table 1 
and sequencing was carried out using the Sequenase kit (USB, Cleveland, OH). Sequence 
alignments to Genbank germline sequences and between clones were done using the 
''MacVcaar 0 ** (EBI, New Haven, Connecticut) pr og ram. Since the sequences at the 5 1 and 3' 
ends were encoded and enferoed by IK^ primers, the^ in 
the presentation of Hght chain sequences, the primer encoded sequences are not shown but the 
primers which were used are indicated in the right hand column. For the heavy chains, since 
the 5' primer is a single but degenerate primer, die sequence introduced by this primer is 
shown in each case. For comparison, the actual heavy cham primer sequence is shown at the 
5 1 and 3' ends of each clone. The sequence of one clone is presented on the top line and the 
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change. 



light Chain Sequences Of Mouse RT3 Binders 

As shown in HQ. 9, eight different light chains have been used with the 15 different 
clones from pattern A. The chain associated with clones n*6 and mR8, differs frotn the 
^Vgenebyasingtesilentnndeoddechange. Tne chain used in n*9, n*18 and 

share the same protein sequence as the gerrnline. OonesmR9 and mR27 have used different 
pnrnen^denven^seque^ 

sequence. 

also used different primers from each other. The sequent which mW and mR25 share in 
common, ^^wUmi^i^m^^^^^^ 

2 amino acid changes in FR3 and CDR3. Most changes have occnnedin the Eght chain shared 

ammo acid changes are clustered in FR3, CDR3,andFR4. 

One can envisage the basic gennline clone represented m 
S » N »CDR2andmend^gbgi„3du^ „ 
andM^othets). Sirnilariy, there may have been a change of Y to F in CDR 3 from the 
same sorting F^t, giving rise to mR3 and mR25. A third series of changes may have given 
rise to mR24. 

The light chain associated with pattern C (clone mR80) is also shown mHG. 9 aligned 
with ttegexmline sequence usedinpan^ The panemCIight chain appearstobea 

momhighiyiiwtaiedibtm^deri^ 
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Clones representing the other PCR panaris appear to use different germline derived 
sequences. The relationship of these other clones to their nearest germline is shown in FTC}. 
10. In pattein B (50, 69), 2 nucleotide changes from germline give rise to 1 amino add 
" change. In pattern D (10, 43, and 68, and 83), 8 nucleotide changes tram germane give rise m 
5 amino acid changes. In pattern I (95), 2 nucleotide changes from germline give rise to 1 

FIG. 11 shows ore relationship of the different Eight chain sequences to that of partem 
A (for mR6, 8). There is a great deal of difference between them. For patterns D and I, only 
the protein sequence is shown, since the nucleotide sequences have many differences. The 
latter two groups have longer CDR2s than the others. 

Heavy Chain Sequences Of Mouse RT3 Binders 

Analysis of the heavy chain sequences associated with PCR panem A. rrmxU rb»t ^ 
fcn-tiiehghtchain, they are aU closely related but m 

(Figure 12). The alignment to germline is less clear in these samples. The closest germline 
belongs to sub-group VH-n, but there are numerous differences from this germline, in toe 
isolated clones. In addition, there appears to be a greater number of arrnno acid changes 
between clones. As expected the changes are clustered in the CDR(s). 

The heavy chains of pattern B (FIG 13), align to a oifierem genrifine and agam shews 
numerous changes from this. AU4doiiesm this grccp appear robe ident^ 
that the clones sequenced from pattern B are trmltrpleisounesrftte 
represented by partem D are all identical to each other and, excluding the sequence of CDR3, 
differ from the closest germline by 4 anrino acids (FIG. 13). 

The aUgnrnem cfafl the carferem heavy ch^ 
FIG. 14. The heavy chains of pattern C (80) and pattern I (95) axe closely related to that of 
panem B. Panem C differs by 4 amino acids. Pattern I differs by one silent mutation and one 
amino acid change. Interestingly, the heavy chain associated wim patterns B, C, and I has a 
CDR of only 3 amino acids. 
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The amino acid change in mR95 appears id introduce an amber codon. This would 
introduce an amino acid at this position when the suppressor line TGI is used in the 
prcpararion of phage, bra would be expected to act as a stop codon, in the non-suppressor line 
HB2151 used in the screening of soluble antibodies. 



Diversity Of Clones In Pattern A 

Table 2 collates the information derived from sequencing the clones in PCR pattern A. 
Each different light chain sequence in the group is given a label ai-aviiL Each different heavy 
chain sequence in the group is given a label Ai-Ax. 
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TABLE 1 Chain usage of mouse RT3 binders-PCR pattern A) 
LIGHT CHAINS 



HEAvY CHAINS 


ai 




aii 


aiv 


av 


avi 


avii 


aviii 


Ai 
















14,30,36, 


Aii 






3 












Alii 












4 






Aiv 










24 








Av 




9 














Avi 


6,8 
















Avii 








64 










Avifi 














97 




Aix 




27 














Ax 






25 













Clones 14, 30, 36 (PAN1) 84, 96 (PAN) 2 are identical and probably represent 
duplicate isolates of die same initial clone. Clones 6 and 8 arc also identical to each other. 
Otherwise, every clone is different. There are two cases where the same light chain has been 
used with two different heavy chains (aii in mR 9/xnR27 and aiii in mR3 and mR25). As 
described earlier, the fight chains in each pairing used different primers. Apart from the 
duplicate isolates, there are no cases here, of the same heavy chain being used in different 
clones. 

These PCR and sequencing aqraiments suggest that there is mdeed a great diversirym 
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the mouse library both at the gross scale, as judged by PGR analysis, and at a more subtle 
level, as judged by sequencing. 

Example 5.1 

Screening of sriFv Molecules for Catalytic Activity 
1. Initial Selection 

An eariy screen protocol was used torapM 
mokculesficom the large number basis of 

hapten affinity . 

a) Immobilization: The scFv fragments that bound © hapten in an ELBA assay 
were selected far screening to detect catalytic activity. A96-weflMmitit E rC?V ffltraiionplae 
(Millipare) was pre-wetted and washed in PBS comahring 0.05% Tween-20. Suspensions of 
scFv fragments immobilized on anti-rave, antibody Protein A agarose (vide infra, also see 
Example 6.1) were each transferred to separate wells in me 96 well filter plate. Residual 
supernatant was removed by aspiration through the filter plate. The immobilized scFv 
fragments were washed in the wells by filtration at 4° C with PBS/Tween (5 x 200 uL), PBS 
(3 x 200 fiL), and 25 mM HEPES, pH 7.0, 140 mM Nad, 0.01% NaN3 (3 x 200 uL). 

b) Incubation of scFv and substrate: To immohffiTed washed antibody was added 
200 pi of approximately 50 jtM substrate (1) in 25 mM Hepes, pH 7.0,140 mM Naa 0.01 % 
NaN 3 was added. Following incubation at room temperature (approxirnately 22* Q for 
approxirnately 24 hours after which substrate solution (but not beads) was withdrawn and 
fim(-2(rQantfl analyzed by nigh pa Thesame 
96 well plate, son c ont a ining immobilized scFv, was washed with 4 x 200 jilTwefl with 10 
mM Tris, pH 9.0, 140 mM Naa 0.01% NaN 3 . Again, 200 (iL of 35-50 uM of RT3 
snbstrate (Compound 15, FIG. 4) was added, this time in the pH 9.0 buffer described above. 
The scFv fragments were incubated wirh compound 1 for 3 hours and, as atpH7.0, substrate 
solution was withdrawn frozen for later analysis of product formation. 

c) Analysis of Reaction Mixtures for Product Fonnarion; To reduce the number of 
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samples, pools of generally two or three reaction mixtures (50 fiL of each reaction mixture) 
were subjected to HPLC analysis. Mixmies (100 or 150 jiL) were centrifuged in an Eppendorf 
centrifu ge to prevent any cany-over of the agarose onto the HPLC system. Samples were then 
injected onto a Waters HPLC system equipped with a Vydac C-18 analytical reverse phase 
column. Components of the elnent were separated using a linear gradient over 30 minutes 
from 0.1% TFA in water to 0.1% TFA in acetamtrile. Product was detected and qnanmated 
spectrophotometrically using a Waters spectral detection system, typically set at 215 or 270 

nm 

Early screen analysis of 46 hapten-binding scFv fragments was carried out at pH 7.0 
and 9.0 to detect catalytic activity. HPLC analysis was carried out and peak areas ^" ■ ■" ■ H 
for those sample pools which gave a peak at the expected retention time for the product The 
results are summarized in Table 3 below. HPLC analyses of the reaction mixture s (as pools of 
2 or 3) indicated that at pH 7.0, one pool of three samples and one pool of two samples 
appeared to have substantial product formation, At pH 9.0 a number of pools showed 
product peak areas above background Three pools of three samples showed large product 
peaks with peak areas greater than 0.6 and these were scored as being positive. Thus, early 
screen assays narrowed the number of potentially caialytic scFv fragments from 46 to 5 atpH 
7.0 and from 46 to 9 arpH9.0. Three of the candidates arpH7.0 were the same scFv 
fragments as three of the candidates at pH 9.0. 
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TABLE 3 

HPLC Assay Resnlls of Early Screen Phage Antibody Pools at pH 7 JO and 9.0 

ph 7.0 



SAMPLE 


rcAK AncA 


BLANK 




1,2.3 




4,5,6 




8 S 11,12 




14,16,17 




18,193 


QJ52 


21,24,25 




27,28,29 




30,31,32 




33,34,35 


— 


36,37,38 




39,40,41 


«P 


42,44,45 


0.455 


46,47,48 


0.476 


50,65,76 


0.559 


83,97 


0.571 
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ph 9.0 



SAMPLE 


PEAK AREA 


BLANK 






0.572 


4,5,6 


- 


8,11,12 


0.674 


14,16,17 


0.581 


18,19,20 


0.79 


21,24,25 


0.522 


27,28,29 


0.504 


30,31,32 


0.627 


33,34,35 


0.496 


36,37,38 


0.492 


39,40,41 


0.492 


42,44,45 


0.470 


46,47,48 


0.471 


50,65,76 


0.511 


83,97 


0.407 



Individual clones from each of the active pools identified as above were rcassayed for catalytic 
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acrivny. Since die scFv remains bcrand totted 

pool assays was reused for the assay of ifae individual clones. The results of the catalytic 
assays are shown in Table 4 below. The catalytic assay identified 6 clones: II, 12, 18, 19, 30, 
andS^wbichgaveaprodncrpeak onHPLC done 83 was active at pH 7.0, butnotpH 
9.0. Clones 18 and 19 were active at botiipH 7.0 and 9.0. Clones 11, 12,and30i 
active only at pH 9.0. 

TABLE 4 

HPLC Assay Results of Individual Page Ab Clones at pH 7.0 and 9.0 



I were 



ph 7.0 



SAMPLE 


PEAK AREA 


18 ,19 


0.55S 


8 3 


2.04 


97 





49 



SUKTTTUTE SHEET (80LE2S) 



WO 95/27045 



FCT/US9403420 



ph 9.0 



SAMPLE 


PEAK AREA 


8 


• 


11 


1.5 


12 


1.21 


18 


1.09 


19 


m 


30 


0.96 


31 




32 





Example 52 

1. Secondary Screening for Catalytic Activity 

To farther examine the scFv fragments for catalytic activity, the potentially-catalytic 
proteins identified in the early screen described above were individually grown and purified 
Purification of the scFv was acheived as described in Example 6.1 using either IMAC or 
affinity cfromotagraphy on anti-Myc-Protein A agarose. Assays were performed in the same 
buffer systems and pH values as in the early screen but die antibodies were tested individually 
and they were not immobilized but fiee in solution. 

Prom these secondary assays, two scFv molecules, designated 18 and 83, catalytic 
activity was found. Clone 1 8 appeared to be active at pH 9.0 but not at pH 7.0 while clone 83 
appeared to be active at pH 7.0 but not at pH 9.0 or 5.0. Both activities were significantly 
inhibited by hapten (2) when 10 yM antibody was assayed with 40 jiM substrate and 30 \iM 
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hapten. These two clones were selected as candidates for large scale purifcarion of scFv as 
described below. The results of these assays are presented in Example 6.4. 

Example 6.1 

Large Scale Purification of scFv fiom Catalytic mRT3 Phage Antibody Clones 18 and 83 

Preparation of Pexiplasmic Lysates-£. coli HB2151 clones expressing soluble anti- 
RT3 scFv were grown overnight in 2XYT containing 2% Glucose and 100 ugfal ampicillin. 
Overnight cultures were used to inoculate 500 ml of 2XYT at a starting OD600 of 0.1 and 
cultures were shaken at 28* C for 3 to 5 hours until OD600 of 1.2 to 1.8. ETC was added to 
1 mM final concentration and shaking incubation was continued at 25* C for 2^ homs. Cells 
were pelleted at 4.000XG for 10 minutes and pellets were resuspended in 6 ml of periplastic 
lysaie bufier (10 mM phosphate buffer, 1 M Nad, 1 mM EDTA, pH 7o. Following 
incubation on ice for 30 minutes, iysates were centrifoged at 6.000XG to remove cellular 
debris. PMSF was added to the cleared lysate at a final concentration of 5 jigfal and lysaie 
was stored on ice until purification as described below. 

Immobilized Metal Affinity Qrromotagraphy (IMAQ 

Mgd 2 was added to the periplasmic lysaie to 1 mM final concentration and lysate was 
passed through a 1 ml bed volume Nr* charged sepharose column (Probond Metal binding 
Resin, Invitrogen Corp., San Diego, CA.) washed and equilibrated with 10 mM phosphate 
bufiferJMNaCL Column was washed with 10 bed volumes of 10 mM phosphate, 1 M NaCl 
pH 15 and bound scFv was eluted with 50 mM EDTA, 0.5 M Nad Column eluaie was 
concentrated and dialyzed into 7 mM phosphate buffer, 0.15 M Nad, pH 8.0 using a 
Centricon 10 nncroconcenrrator (Anricon, Beverly, MA) following manufacturers instructions, 
(see Mol. Cell. Biol, 5 (1985):3610-3616). For some preperations of scFv concentration of 
die IMAC eluaie was not required. 

Anti-myc Peptide Affinity Purification- Monoclonal antibody 9E10 that recognizes a 13 
amino acid peptide tag at the C-teiminus of the scFV was cross-linked to Protein A agarose 

51 



SUBSTITUTE SHEET (ROLE 2§) 



WO 95/27045 



PCT/US94/03420 



using an Affinica Antibody Qrientarion Kit (Schleicher and Schull, Keene, NH) following 
manufactures instructions. A 1 ml bed volume column was prewashed with 0,23 M Glycine, 
0,3 M Nad, pHZ5 and reequilabrated with 10 mM Phosphate buffer, QSM Nad, pH 7 5 
Periplasmic lysates were diluted with an equal volume of 1 0 mM phosphate buffer, pH7-5 and 
then passed through column. Column was cashed with 10 bed volumes of 10 mM phosphate 
buffer, 0-5M Nad and bound scFv was clmed with 0.23M glycine, pH2.5, 03M Nad For 
some preparations the column eluate was dialyzed and concentrated using a Centricon 10 
microconcentrator as described above. 

Example 62 

Purification Of ScFv Fragments from Phage Antibody Catalytic Qones 18 and 83 By 
Hydrophobic Interaction Chromatography 

Following IMAC or ann-myc peptide Protein A agarose purification of scFv derived 
mm lysates of E. coli clones 18 and 83 (see Example 6A\ further purification of the scFv 
was accomplished on an alkyl superose 5/5 column attached to an FPLC system (Pharmacia), 

Chromatography was performed using a linear reverse gradient of (NKO2SO4 in 0.1 M 
Na phosphate pH 7.0. This was farmed from two buffers: 

Buffer A: 2M (NELO2SO4 in 0.1 MNa phosphate pH 7.0 
Buffer B: 0.1 MNa phosphate pH 7.0 



Gradient conditions were: 

0- 3 ml: 10% Buffer B 

3 -39 mi: Linear gradient, 10% - 70% Buffer B 
39 -42 ml: Linear gradient, 70%- 100% Buffer B 
42-44 ml: 100% Buffer B 
44- 46 ml: Linear gradient, 100% - 10% Buffer B 
46 -49 ml: 10% Buffer B 
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Samples were adjusted to a final cancemraricm of 
0-783 vols of a saturaied solution of (NH&SC^ in 0.1 M Na phosphate {4.1 M (Na&SCW 
and dilution with an appropriate volume of 10% Buffer B: 90% Buffer A to increase the 
volume to a value suitable for injection onto the column. Fractions were collected and the 
peak(s) corresponding to ScFv identified by SDS PAGE as described below. These were 
pooled, concentrated and used in assays for binding a: catalytic activity as appropriate. 
Hution of protein from the column was monitored by OD280 and plotted automatically. A 
typical cfaromatogram for IMAC pure scFv from clone 18 shows the bulk of the protein elutes 
in two distinct peaks. Fractions corresponding to each of the peaks were pooled as indicated. 
Peak 1 consisits of a broad shoulder during at 1725 to 21.90% Buffer B (Pool 1) followed by 
a sharp peak at 242% Buffer B (Pool 2). Peak 2 is a sharp peak during at 48.10% buffer B 
(Pool 3). Purification of the scFv was monitored by silver stained SDS/PAGE with the 
following results. Load material for the HTC column (IMAC pure scFv + (NH^SO^ 
showed >90% of the protein was scFv. At least four additional bands were also visible. 
Analysis of Pool 1 and Pool 2 obtained following HIC showed the majority of the scFv that 
was loaded was distributed equally in these pools and no substantial purification of the scFv 
was achdved. Pool 3 contained a small amount of scFv and an additional low molecular 
wdghtband. 

The chromatogram fordone 83 shows die bulk of the scFv protein elutes in a single sharp 
peak at 54.7% Buffer B, A second minor peak of protein elutes during the final wash with 
100% Buffer B. Fractions corresponding to these peaks were pooled and. analyzed by 
SDS/PAGE followed by silver staining. The column load material for HIC (IMAC purified 
material + (NHO2SO4 ) contained >90% scFv. After HIC the majority of the scFv is recovered 
in the single main peak during at 54.7% Buffer B. As with clone 18, no substantial 
purification of the scFv was achdved by ffiG A small amount of scFv is found in the late 
during minor peak. 
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Example 6.3 

Binding Assays of IMAC and HIC Pure scFv from Phage Antibody Catalytic Clones 18 and 
83 

Fractions or pools of fractions from the purification protocols described above (see Example 
6.1 or 62) were analyzed for RT3 binding activity using an RT3-BSA solid phase ELBA 
assay essentially as described in example 44. The fraction or fraction pools were first (filuted 
1:5 or 1:10 in PBS/Tween-20 and then serially diluted V2 with PBS/Tween-20 across 11 wells 
of die RT3-BSA coated ELISA plate. The titer winch gave the 50% maximal ELBA signal 
was determined for each sample analyzed. By multiplying this titer by the volume of the pool 
or fraction analyzed, an estimate of the number of binding units in each sample could be 
determined. This analysis showed that for clone 83 even though majority of the scFv loaded 
on the HIC column was recovered ir had less than 10% of the binding activity compared to the 
colnmn load. This result suggests that HIC may be unsuitable for purification- of the scFv, 
sace it may result in perturbations erf 
presumably catalytic activity. 

Example 6.4 

Catalytic Assays of IMAC and HIC Purified scFv from Phage Antibody Clones 18 and 83 

Fordone 18 a typical catalytic assay was set up as follow 50 of scFv was added 
to 145 *iiof RT3 substrate (Compound 15, FIG. 4) and5 jtl of water or for some assays 5|il 
of RT3 hapten. A blank consisting of 50 |il of water and 147 ^1 of RT3 substrate was set up to 
monitor the background hydrolysis of the RT3 substrate. The reaction was allowed to 
proceed for 6 hours after which samples were frozen at -20* C to stop the reaction. Samples 
were analyzed by HPLC as described in example 5.1. The amount of scFv added to an assay 
typically ranged from 1 to 5 ug and protein was buffered in 10 mM Hepes, 150 mM Nad pH 
73. The typical RT3 substrate concentration was 50 uM buffered in 25 mM Tris-O* pH 9.0, 
140 mM NacL and 0.01% NaN^ 
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An HPLC profile showing a typical positive catalytic assay result for IMAC pore 1 8 
scFv is shown in Figure 15A. Figure 15B shows the HPLC profile of the same assay but 
done in the presence of RT3 hapten (Compound 5, FIG. 1). Finally, Figure 15C shows the 
HPLC profile of the blank (no scFv% 

In a similar manner assays of the fraction pools obtained following HIC purification of 
18 scFv (see Example 62) were also performed. A typical result for the assay of the main 
scFv<omaining pool (Pool 2 as described in Example 62 above) is shown in Hgnre 16. 
Similar results were obtained from assays of Pool 1 and Pool 3 (data not shown). 

Assay of IMAC or HIC purified scFv from clone 83 was done in a similar manner as 
described for done 18 with the following exceptions. Substrate was buffered in 25 mM 
HEPES, pH 7.0, 140 mM Nad and 0.01% NaN 3 . Due to the lower background hydrolysis 
of RT3 substrate at neun^pH, reactions were typicany ran for 24 hours. An HPLC profile of 
a positive catalytic assay result for IMAC pure 83 scFv is shown in Figure 17A. The same 
assay repeated in the presence of RT3 hapten is shown in Hgnre 17B. A blank was also 
analyzed and gives a profile similar to the thai in Figure 17B (data not shown). A catalytic 
assay of the main scFv containing pool obtained following HIC (see Example 6.2) is shown in 
Figure 18. 

It should be noted that the retention times of the expected product peak as well as non- 
prodnctrelated peaks varied from run to runcnthe HPLC The reason for this variation is not 
known. Test runs of the RT3 product (Compound 13, FIG. 4) alone on HPLC and 
monitoring at 215 nM showed a distinct peak profile was produced. This 215 nM profile was 
used as an internal control to accurately determine the position of the product peak on the 270 
nM profile for each HPLC run. 

Conclusions from the results of the catalytic assays performed as described above are as 
follows. IMAC pure scFv from both clone 18 and 83 is able to hydrolyze the RT3 substrate 
and produces a praiua peak that elutcs firm 

In the presence of RT3 hapten, catalysis is completely abrogated presumably due to the much 
tighter binding of the RT3 hapten in the antibody pocket compared to the RT3 substrate. This 
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is further evidence thai the scFv is responsible for catalysis since it is unlikely that natural 
esterase exists which is capable of specifically recognizing and binding the RT3 substrate or 
hapten with high affinity. 

Following HIC purification of scFv for either clone 18 or 83 no catalytic activity was 
ob served in the scFv containing fractions. Loss of activity could possibly be due to instability 
of the scFv resulting in enfolding or aggregation. Instability of the scFv for clone 83 was 
clearly demonstrated by the loss of binding in the assays performed on HIC purified scFv as 
described in Example 63 

Example 7,1 
Isolation Of Binders To 

It has been de mon strated that immunization schemes can be by-passed and thai low and 
moderate affinity human antibodies (Kds down to 86 nM) c^ 

antibody libraries derived from non-immunized sources (Marks et aL, J. Mol. BinL 222 
(1991)581-597). This approach could provide a starting clone (or clones) which could be 
improved by a number of approach (for related examples see 

Marks et aL, BioTechnologv 10 (1992):779-783). These approaches could, therefore, lead to 
the isolation of entirely human catalytic antibodies which could prove extremely valuable, 
particularly in the area of therapeutic cnmiyrie flmflvyfiffs 

The non-immunized human library described in Marks et aL, J. Mol.. BioL 222 
(1991)581-597, was panned against RT3-BSA, coated onto tubes as described for the 
immunized mouse library except 100-200 Rg/ml RT3-BSA coating concentration was used. 
The progress erf the purification schemes was monitored by EUS A(s) using polyclonal phage, 
Polyclonal phage derived from 2 rounds of panning against RT3-BS A (RT3BSA2) gives a 
signal which is visible after overnight incubation with substrate. Polyclonal phage derived from 
3 rounds of panning against RT3-BSA (RT3BSA:3) gives a strong on ELBA (1 0 J), in 
5 minims). No binding to BSA was observed and binding to RT3-BSA was inhibited by 
pre-incubarion with 10-100 figfcnl of soluble, unconjugated RT3 suggesting that it was specific 
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for RT3 (not shown). 

Individual clones derived from 3 and 4 rounds of panning were examined for binding 
using methods as described in example 4.3. Before beginning to screen on a large scale, the 
miimiiniii H .TS Acoariiig concentration was determined. Reducing antigen concennalion from 
100 jigfal to 1.6 ug/ml (100 nl/well) causes only a 30% reduction in signal (data not shown) 
2 ugfal concentration was, therefore, used in all subsequent ELBA screenings 

144 clones derived from 3 rounds of panning were examined by ELISA assay for 
specific binding to RT3-BSA using 100 ul of culture supernatant from IPTG induced HB2151 
clones. As shown in FIG. 19A , 40 clones gave strong ELISA signals (0.7 to 25 OD. after 
overnight incubation with substrate) and 27 gave moderate signals (0.2-0.5 OD. after 
overnight incubation with substrate). FIG. 19B shows the results for 48 clones derived from 4 
rounds of panning against RT3-BSA. From this 39 clones showed strong ELBA signal (0.7- 
2.5 O.D.) and 1 moderate ELBA signal (034 O.D.). 

PCR analysis andBst Nl digestion revealed that all the the good binders **gTrriT».H 
from both rounds of panning shared a common PCR pattern and all but one of the weaker 
binders examined shared a common PCR pattern which is different to that of the high binders. 
One additional pattern was found associated with one of me weak binders. It is interesting to 
see enrichment wirh successive rounds of panning of the clone associated with high ELBA 
signal relative to that for moderate signal, as previously described by dackson et aL, Nature 
352 (1991):624-628. 

Example 7.2 

Sequence Analysis Of Human RT3 Binders 

Sequencing was carried out on various members of each PCR pattern group as shown 

below: 

PCR1= RT3:1, 4, 5, 41, 63, 80. 
PCR2= RT3:47, 54 
PCR3=RT3:61 
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nucleotide and deduced amino acid sequences of each group FIG. 20. 



Examnle 8.1 

Chain Shuffling Of Human RT3 Binders 

The scheme used for chain shuffling is shown in FIG. 21. All of the scFv clones in the 
human or mouse libraries share certain common sequences including the plasmid sequences 
upstream of the heavy chain, the linker sequences between the heavy and light chains and gene 
3 sequences downstream of the light chain. Primers were selected/synthesized from these 
areas to provide a general means of ampifying cloned heavy or light chain V regions. Thus, 
PCR using the primers LMB3 and PCRHLINK will give rise to a heavy chain product while 
the primers FDTSEQ1 and UNKPCRL will give rise to a light chain product LINKPCRL 
and PCRHLINK are complementary and so provide a means of linking the products. In this 
way, the separate heavy or tight chains from each clone can be linked to a whole population of 
complementary chains derived from the initial library. The linked product acts as a template for 
a secondary PCR using the primers LMB3 and FDTSEQ1 and the secondary product is 
digested with Sfil and Notl for cloning. The primers were chosen to enable a change in 
fragment size to be observed following each digestion step. In addition, the efficiency of 
digestion is probably improved by having a relatively large overhang upstream of the restriction 
site. 



Method For Chain Shuffling 

The following primers are used: 



FDTSEQ1 5X3TC GTC TTT CCA GAC GTT AGT 3' 

LMB3 5'CAG G AA ACA GCT ATG AC 3' 

PCRHLINK 5'ACC GCC AGA GCC ACC TCC GCC 3' 

LINKPCRL 5'GGC GGA GGT GGC TCT GGC GGT 3' 
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Primary heavy and light chain PCR prod 



»c«s are prepared in the following reactions: 



HEAVY 

LMB3 primer 

(lOpmotesAnl) 

PCRHLINKurinier 

(lOpnioles/ml) 

10XPCR 

reaction buffer 

5mM each dNTFs 

Taq polmerase 

(5UAnI) 

water 



2.5jU 

2.5ni 

5.0nl 
2.5fil 

0.3fil 
37pJ 



™„ LIGHT 

roTSEQl primer 

(lOpmoiesAnl) 

LINKPCRL primer 

(lOpmoIes/ml) 

10XPCR 

reaction buffer 

5mM each dNTFs 

Taq polymerase 

(5U/ml) 

water 



2.5iil 

2.5^ 

5.0^1 
2.5jil 

0.3nJ 
37^1 



• fin,, ^m-to^^^^ 
—m-.*.^^^ njrIitelymlttrial , DNAwaspKpjredfh)nii 

two elutions in water of 1 0 Ml each. 

Assembly is carried out as follows: 



purified heavy 
purified light 
10X reaction buffer 
5mM each dNTP(s) 
Taq polymerase 
water 



2.5 jil (20-50 ng) 

2.5 pj (20-50 ng) 
2pJ S ' 

1.0 pJ 

0.2 pj 

37 Ml 



PCR conditions are 25 cycles of 94* C 1 



minutes at 72* C. 



minute, 65' C for 4 minutes with a final 



10 



For secondary PCRs, 1 Ml of the ,i nke d ^ was ^ M ^ ^ 
was set-up as follows: 



reaction 



linked PCR product 
LMB3 primer 
(lOpmoiesAnl) 
FDTSEQl primer 
(lOpmoles/ml) 
10XPCR 



lMl 
2.5 Ml 
25 Ml 
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reaction buffer 5.0 ul 

5mM each dNTP(s) 2.5 ul 
Taq polmerase 

(5U/ml) o.3 ul 

water 37 £ 



PCR conditions are 25 cycles of 94' C 1 minute, 60' C 1 minute, IT C 2 minutes with 
a final 10 minutes at IT C (5 ul can easily be seen on a gel). 

The secondary product was extracted with phenolrchloroform and precipitated with 
ethanol, to remove Taq polymerase. Tne PGR product was digested overnight at 50* C with 
Sfil according to manufacmrers instructions. Next day I/10ih volume of 1 M Nad was added 
to give a final concerns 0 f 150 mM NaQ and Triton-XlOO added «, a final concentration 
of 0.01% before digesting with Notl for 3 hours at 37' C The digest was treated with 
phenolrchloroform, precipitated, dissolved in H2 0 and purified by running on a 1.5% agarose 
gel and purified with »Geneclea„"(Bio 101, La Jdla , CA). The DNA was eluted into a final 
volumeof 10-15 ul and cloned into the Sfil/Notl site of pCANTAB5 his-6. ' 

Plasmid DNA of pCANTABS his-6 was prepared by the alkaline lysis method and was 
purified by cesium chloride centrifugation. The purified DNA was digested at a DNA 
concentration of 100 ugAnl with Sfil according to manufacturers instructions (50* C for Sfil. 
overnight ) followed by a 3 hour digestion with Notl. The digestion product was loaded on 
directly on to a Chromaspin 1000 column ( Clontech. Palo Alto, CA ) ,0 remove the stufier 
fragment and spun for 3 minutes at 2200 rpm in a bench top centrifuge. The DNA was then 
phenol:cliloroform extracted and dissolved at lOOug/ml for use. 

Ligations are carried out using an Amersham (Arlington Heights. IL) ligation kit as 



follows: 



y^ OT DN A lul(lOOng) 

Ef^iEX^, 2 ul (10-50 ng> 

lOmMMgO. 

200mMTrispH7.4 3ul 

buffer A 24 ul 
buffer B (jul 
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Incubate for 30-60 minutes at 16' C. For library preparation, 5 times the volumes 
shown above were used. The ligation product was concentrated and purified using Geneclean 
and eluted into a volume of 10-15 ul of water. This was introduced into electrocompetent T 
phage resistant TGI cells using a Bio-Rad (Hercules, CA) electroporator, according to 
manufacturers instructions. 

Three clones, hRT3-l, hRT3-47, and hRT3-61 isolated after four rounds of panning of the 
naive human library (see Example 5.1) were used as templates for the chain shuffling protcol 
described above. As described in Example 5.2, sequence analysis showed each of the three 
clones were unique from each other in terms of VH and VL gene usage. Six different libraries 
were prepared. In each case, the name of the library refers to the fixedchain and the clone 
number from which it was derived. Thus. H47 is a library with a fixed heavy chain from 
RT3:47 combined with a library of human fight chains. 
The library sizes obtained were as follows: 

TABLE 3 

Library Size(X 106) Proportion with insert 

53, 78 9/10 

5£ 6-2 8/10 

H6I 6.8 9/10 

H, 96 9A0 

L47 9.8 9/10 

L61 8.4 8/10 

PCR using the primers FDTSEQ1 and LMB3 was carried out on 10 colonies from each 
library to determine the proportion with insert. The results are shown in the table above. In 
addition the PCR products were digested with BstN 1 to determine the diversity. It should be 
remembered, however, that approximately 2/3 of the sequence (of any given clone) in the chain 
shuffled library, is now fixed and that different members of the same V gene family may give 
the same "BstNl signature". Despite this, none of the library members had the pattern 
associated with the original clone. In some cases, patterns were found in duplicate within 
some libraries and one pattern may have appeared 3 times in the HI library. 
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Example 8.2 . 

Panning Human Chain Shuffled Library 

Phage pastes were rescued fmm a, Ubraries „ . m ^ a| 

BkMtate.lO <1992>:779.783. ^ ^ pain o, Itartcs d=H»ed fio. Ihe Mme ' 
starting clone were pooled and panned against RT3-BSA (e.g.. HI and Li). Pacing , <4 
rescoe were done essentMy as described in Marks e. al., UtoLm. 222 (,991) 58 1.597, 
accept Nunc Omrnm. Denmark) immunosorb tubes were coaed ov«uigh, with , «, „f 
RT3-BSA „ 20 NH Coanng ard Mocking were done in phosphate buffered ^ „ 
before. The .ojdnta, „ 20 mls * ptage wa, used in . flnal volume of 800 pi of Mops 
buffered saline (MBS) „,„ 2% dried mi, t powder. Wasiin8 , e|miMl ^ ^ ^ 

with M13 helper phage were as described above. 

-Myclonal- phage derived from ei,her the mpxmcd ljtaiK ^ ^ ^ ^ 

round of panning (PANI). c, from 2 rounds „, pacing (PAN2) were used in an ELBA to 

detenu™ theprogreas of the panning process foreach pair of libraries. 

As in FIG. 18, no signa! „, observed from PANO samples. u» levei signal 
is observed ta PANI ^ ^ ^ RT3:i ^ ^ ^ ^ ^ ^ ^ 

h PAN2 sanples. Wirt, lories derived fron, RT3:61. BUSA signai is stll, 
reladvely low after two rounds of panning. The EUSA results are mirrored when the eluate 
fameacn^ndofp^is^d^^ 

oreelutedfrcrntheset^pamnng. The numbers of phageyielded from PANI andPAN2 on 
*eH61/Ui Bbrariesis k^«^d« ! c < ^pc«di n g vfeldfromlI1/L1 -m >>W7ta*, 



TABLE 4 

Yieki of phage fiom pannings (X106) 

shuffled shuffled shuffled 

RT3:1 RT3.-47 RT3.6I 
eluate of PANI . . 

1-4 2.9 0.34 

eluate of PAN2 

1300 . 1600 200 
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input phage approx im ately 2-10 X 1012 

binders. For reshuffled RT3:1 and RT3:47, even after one roond of panning the majority 
scored positive. Since polyclonal phage from reshuffled RT3:61 was negative after PAN1, 
andposirive after PAN2, intfividnal colonies wens only analyzed from PAN2 from this Horary. 

Table 5 Proportion Of Positives From ReshuffledHuman Libraries 



POPULATION 


PROPORTION 
POSITIVE 


NUMBERS 
RE STREAKED 


RT3:1 Reshuffle 

PAN1 

PAN2 


39/44 
42/44 


28 
15 


RT3:47 Reshuffle 

PAN1 

PAN2 


29/44 
35/48 


25 
28 


RT3:61 Reshuffle 
PAN2 


44/96 


37 



Positive clones were restreaked and reresied forRT3 and BSA binding. Afl reshuffled 
human libraries gave rise to a high proportion of binders after 1-2 rounds of panning. These 
have been grouped by PCR/BstN 1 digestion (using FTDSEQ1 and LMB3) into 9 PCR pattern 
groups for the RT3:1 reshuffled Horary, 4 PCR pattern groups for the RT3:47 reshuffled 
library and 8 PCR pattern groups far the RT3:61 reshuffled library as shown in Table 6 below. 

There is a strong possibility that a heavy chain shuffled, with a library of light chains, 
wfll pull out different light chains, which are related meari 

partem diversiry is reduced. Convenriy.it is Hkely that a degree of diversity will be found by 
sequencing, even within a given PCR grouping. 
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Table 6. Grouping Of Human RT3 Binders According To PCR 



A. RESHUFFLED CLONES ARISING FROM HU RT3:1 



PCR Pattern 


Sample No. 


A 


PAN1-1, 5, 6, 9, [10], 12, 21, 27. 
PAN2-31, 34, 35, 36, [38J, 41, 42, 43. 


B 


PAN1-2, 3, 4, 8, 11, 13. 22, 24 [251 
PAN2-30, 39. 


C 


PAN1-T7], 14, [15], [19], 23. 
PAN2-29, 33. 


0 


PAN1-17,[18],[26]. 
PAN2-{44]. 


E 


PAN2-32, 40. 


F 


PANI-pO]. 


G 


PAN1-2B. 


H 


PAN1-16. 


1 


PAN 1-37. 



3/ AD samples from RT3n were negative for BSA binding apart from a very bw level in sa 
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B. RESHUFFLED CLONE ARISING FROM HU RT3:47 



PCB Pattern 


SamoleNo. 


A 


PAN1-2* 4, 12,17,20,21,22. 

\ * Z 27 ' ^ 291 31 • 33 ' 4 °. 41 • 42, 44, 48, 
49,51, 52, 53. 


B 


PAN1-9, 1tt 


C 


PAN1-1. 
PAN2-37. 


D 


PANl-3,[26]. 


Pattern 
Unknown 


Negative on re-screening 

PAN1-13, 14, 15, 16, 18, 19, 23, 24, 25. 

PAN2-30, 32, 34, 35, 36, 38, 39, 43, 45, 46, 47, 50. 

Binder to BSA 

PAN1-11 
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C. RESHUFFLED CLONE ARISING FROM HU RT3£1 



... PCR Pattern 


SamoleNo. 


A 


17, « » »■ a » 


B 


PAN2-16.30.33. 


C 


PAN2-4. 


D 


PAN2-a 


E 


PAN2-12. 


F 


PAN2-9. 


G 


PAN2-22. 


H 


PAN2-31. 


Pattern 
Unknown 


Negative on re-screening. 

PAN2-1,3,5,27 f 36,37. , 

Positive on re-screening. 

PAN2-7. 

Binder to BSA. 

PAN2-19. 



Footnote: 



fLrrJZi? 2L bBckBa ^^s^PO^fetnmionnd bm the clones Dfc^ 
^SuS^Ei JEW - ** ^ ^ to nixed™ Se^a! 

^J^7 expressim frmn different preparation or initial false positives. Semiencinewas 
aimed out on a number of clones derived from huRT3 :47 and thes^e^kSSrSn 



In an attempt id determine which antibody cfaam was dmved tads 
clone, separate PCR of the heavy and light V genes was carried out on individual clones (using 
either FDTSEQ1 or LMB3 in conjunction with pimers located in the sequence encoding the 
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flexible linker peptide between the chains (PCRHUNK and UNKPCBLl Pairs of clones 
^cachPCRgiDup^andyarfCunderi^in Table6). Trds Vindicates that all 
heavy chains, with the exception of hu6I:16 andhu61:33 (partem B) had the same heavy chain 
■« toe original isolate, these ™^wwb™ib^dmvu^*nilB*KR*Iud 
a light chain partem which may be smalariotaepfflm .clone.ia3.-61. Reshuffled clones 
whichhadbeenaesaicedashavi^ 

ran on 3% gel) now snow subtle differences (from PCR/digest of irdrvkiiol Hgfatchams, ran 
on 4% gel). Thus, differences were found between hnl:l 1 and hul22 pattern B), hul:17 and 
hul:26 (pattern D), hul:32 and hul:40 (pattern E). For dows derived from KI3.-47, 
differences were found between light chains of hu47:9 and hn47: 10 (partem B\ hu4737 and 
hu47:l (pattern Q. For clones derived tam61.d»sw»»»^b«ml* 
duiinsofhu61:13 and hu61:24 (pattern A). Trds aitarysis, therefore, reveals even greater 
diversity between die clones. 

Sequencing was carried out on clones derived by shuffling KB:47. (ernboidened in 
Table5). Analysis of the heavy chains shows that with the exception of hu47:7, the sequence 
is identical to the original heavy chain. (Clones analysed were hn47:l. 2, 3, 5, 6, 8, 9, 10, 12, 
2Q,and22.). In hu47:7 a valine in CDR2 is corrvenedioanalanirebyaTtoCcl^ 
Sequencing of the Hght chain was carried out on the clones underlined in Table 5. 

BcarrmfeQf) 

Directed Selection Using Specific Elation/ Conrpetirive Binding 

It is hoped that panning procedures using compeurion tor binding (e.g. with reaction 
products) or specific elation (e.g., with smaller phosphorates) can be used to control the 
patining process. A greater degree of flexibiliry could be exerted if such rjrocedures were 
carried out in ELISA wells. Thus, following a particular procedure, the elnare could be 
collected and the whole plate carried through a detection prrxsdrrre. Based on the results, the 
emate from specific wells could be selected for further anaiysis/pannings. 

In an experiment to examine the elution from 96 well plates using 100 mM 
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triemylanrine, it was found that the overnight ELBA signal following ehition, went from 0.239 
to 0.019. (Using 15 X 10" polyclonal phage/well derived from one round of panning the 
shuffled human RT3:47 library (47P AN1 phage). Titemonof the duate showed that 7.5X107 
infectious phage were collected, Le, 0.03% of input. Tins compares favorably with ehmon 
from Nunc mnnunosorb tubes where 1.6X 10»hrfecuous phage were viela^ to 
IX 1013 far the same sample, Lc, 0.016% (see Table 3). By tMstypeof approach, a range of 
specific dution prawdures rotM te 
coli for farther work. 

The minimal transition sate analogues, equivalent to the left anrf neht h^rrf^ p-f3 
molecule, wffl be referred to as RT3a (Compound 8, FIG. 2) and RT3b (Compound 12, FIG. 
3). The left and right hand products of substrate cleavage will be referred to as product A 
(Mesitylacetfcacic;HG.4)^ mcrdertDaeterminethe 
optimal concentrations of the various components required for pamring/elution of the original 
mouse library, a dilation series was prepared for RT3, RT3a, RT3b, and both reaction 
products (product A and product B). These were pre-menbated with 100 fll of lOx polyclonal 
phage derived from one round of panning the mouse RT3 Ebrary (usmgtriethylantiiie elution). 

The results of this analysis are presented in FIG. 23A and 23B. The most effective 
inhibition occurs with RT3 itself, ft is dear that binding of this selected phage population is 
iiihibited to a far greaier extent by the left liandTS A arid product (FIG. 23A) than by the right 
hand portions (FIG. 23B). Indeed, it is not at all clear if any inhibition occurs at the 
corporations tested with right hand TSA or product. Funherrnore, it appears that there is 
greater inhflarion by the kft hand TSArhanu^ left hairi product 

Specific durion was attempted using the original unpanned mouse library. This was 
earned out by binding 200 ul of lOx phage concentrate to ELBA wells coated with 150 pi of 2 
Wtol RT3-BSA and blocked with 200 ui of 2% MarveL Phage were allowed to bind for 1 
hour and were duted by adding 200 ul of the fonowing: 
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0.05 fiM, 0 J nM or 5 pM RT3 
5 fiM, 50 jiM or 500 nM RT3a 
5 pM, 50 MM or 500 uMRT3b 
100 mM ttiah ybminft 



or 



Phage derived from two 15 minors elurions were pot>Ied and irinmxiuced into TCI 
HB2151 cells. FIG. 24A plots the yield of phage under each set of conditions. Triemylamine 
gives appxuAiimiEly 1(H phage frtm aninpntcqmvakntto 2 ml of cuitnre siqjemataiiL This is 
in line with the success&l panning describe 

tnenxjusedmies described eaiiier. k ttatexperimnnr, appcoriinatEly 105 phage were derived 
fe 3 maninput,eajnvalemto20ml(rfcaln^ Elation with RT3 and RT3a gives 

rise to a greater nranber of phage than thiamine. RT3b gives a level of elution equivalent 
to or jnst greater than that achieved in a "bnfieronly" control. 

This experiment was repeated, but a higher coating concentration of RT3-BS A was 
used (100 jig/ml), and volumes were adjusted to ensure that coating and blocking volumes 
exceeded the volume of input phage (to prevent any background problems associated with 
non-specific stiddng of phage up the side of the wefl). In this experiment (Figure 24B), the 
overall yield of elmed phage in all samples was ieane^&>m before. 

Polyclonal phage and soluble antibody was prepared from the various populations and 
tested in ELBA. Positive signals were achieved wimsclnbk and pliageEUSA, ten sample 
derived by elution with 500 liM RT3a where. Individual colonies from this population were 
screened and 22/144 of the clones were found to be positive. 

Panning was also carried out in ihe original immunosorb tubes (Nunc). Elution was 
carried out ttsingeitfaer 100 n^triemylaniineorSOOMMRTSa. Binding was carried out in the 
presence or absence of product A. (50, 500, 5000 uM). The results are sninmarizEd below: 
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2/500fiMRT3a O^M product a 43 

:3/500nMKI3a 50 jiM product a : rj.59 

4/500nMRT3a 500pMprodncta o«5 

5/500nMRT3a 5000 product a 47 

Inuraexperiiriem, theyieMcfphageby trk^ and RT3a elurion (42-52 xlOS) 

is higher than previous experiments. The yield of phage from RT3a elude* is reduced by 70 
fold when 50 nM product A is present during binding (suggesting binding is specific). There 
is asumlartedoction with 500 jiM product A, bmwhen50XpMprc^Aisiise4the yield 
returns to 47x106. (Tnismay bean ef&ctofDMS, used ©dissolve the product, which was 
present at 12% in this particular sample). Thus, it is possible to elute phage from either 96 
well plates or imnxunosorb tubes using hapten elation with minimal TSA molecules. 
Furthermore, me bmdmgprofiten 
tailoring the binding profile cf die ehned p 

Example 10 

CDR Shuffling Of Human RT3 Binders 

The scheme used for shuffling CDR fragments is a modmorirm of th» rf»m. 
scheme described in Example 8.1. 

The primers VHCDR3BACK and REV VHCDR3BACK are conplementary to each 
other and to a conserved sequence in the fiamewo* regime* human VHgaje^ 
upstream of CDR3. A population ofDNA fragments which mr?n(fe s both CDR1 and CDR2 of 
the heavy c±am from the l&raryde 

VHCDR3BACK (see below for sequence) and LBM3 (described in Example 4.2) and the 
remainder of the scFV from die chosen clone can be amplified using VHCDR3BACK (see 
below for sequence) and FDTSEQ1 (described in Example 42). Ibis permits me linkage of a 
population of CDRs 1 and 2 with the remaining portion of a single clone by a rwo-fragraeat 

70 

SUBSTITUTE SHEET (RULE 26) 



WO 95/27045 



PCT/DS94/03420 



assembly reaction. 

Similarly, a library of DN A fragments containing the CDR3 region of the heavy chain 
may be amplified using VHCDR3BACK and the linker located primer, PCRHLINK (see 
example 4J2). The remaining portion of the heavy chain from the chosen clone was amplified 
with REV VHCDR3BACK andLMB3 and the Hght chain was amplified with LJNKPCRL (see 
example 4.2) and FDTSEQ1. Thiis, a populate of CDR3 fragn^ 
single clone by two sequential two-fragment assembly reactions; the first inverting assembly 
of CDR 1 and 2 from the clone with the population of CDR3s. This is followed by a 
secondary PCR reaction usmg the 
me iffodna of this was gel purified 
the clone. 

For both CDR shnfEHng regimes, a final PCR reaction using the scFV-Qanking primers 
LMB3 and FDTSEQl is performed. The CDR shuffled material is then digested with Notl 
and Sfil for cloning into pCANTAB5-his 6 (see FIG. 7). 
Method For CDR Shuffling 

The primers FDTSEQl, LMB3, PCRHLINK and UNKPCRL are described in 
Example 4.2. In addition, the following prime s are used: 

VHCDR3BACK 5' GAC ACQ GQTQ GT(AG) TATTAC TGT 3* 

REV VHCDR3BACK 5* ACA GTA ATA. (CT)AG (GA)GCCGT GTC 3' 

(Nucleotia^mpaiaenmesesinQlca^ 
ensure universal anmlification.) 

Primary PCR products are prepared in the fallowing reactions: 



CD 1 and 2 Fragment 
LBM3 

(lOpmolesAiI) 2.5 ul 

REV VHCDR3B ACK primer 
(lOpmolesflll) 25 til 

1QXPCR 

Reaction Buffer 5.0 ul 
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5 mM each dNTP(S) 2 5 ul 

Taq polymerase ^ 
(5U/M1) 

WaJ er to 50 ul 



0.3^1 



C DR3 Fragment 
PCRJILINK primer 

(lOpmofes/uJ) , s ... 

VHCDR3BACK primer ^ 

(lOpmolespJ) 25||I 

10XPCR 15 *" 

Reaction Buffer snil , 

5mMeachdNTP(s) 75S 

Taq polymerase ~ 3U1 

(5U/)U) 03|il 

(10pmoles/uJ) - * . 

VHCDR3BACK primer ,U 

(lOpmolespJ) «, «- „. 
10XPCR 

Reaction Buffer < n „, 

5mMeachdNTP(s) 9? ft 
Taq polymerase 

Water to50(U 03 ^ 

JiW^rimer "«* 

ffiftgF* 2 . 5fU 

Reaction Buffer * n „, 

5mMeachdNTP(s) jcK 

Taqpolymerase " *" 

tO 50 ul 03 Ml 

Miniprep DNA was p rc pared from the library described by Marks et al. (,991) as 
•cmplate for PGR. PCR produced from the Cone was prepared by l„ nocuIating from a 
bacterial colony. 

PCR condito « 25 cyctes of «• C , mirale . 55" C 1 tntate. 7T C 2 minutes 

with a final 10 minutes at 72* C. 

Primaiy PCR products weit gel purified using the Iomega Magic PCR Prep System 
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5mMeachdNTP(S) ~ c , 

Tsui polymerase 25 M« 

(5UAH) 

to50,U 03 >U 

CDR3 

KjIlLINK primer 
(lOpmoies/ul) 

VflCDRSBACKpriner 25 »" 

(tOpmotesiil) , 
10XPCR 25 Ml 

Reaction Buffer . _ 

SmMeachdNTPfc) H* 1 
Taq polymerase 2 - 5 M' 

Wnter .o50pl ° 3ll] 

(10pmoles/pl) , 

™CDR3BACK primer 25 » U 
(lOpmotesiiI) 

KBCPCR 2.5 nl 

Reaction Buffer Kn , 

5mMeacl,dNTIv s ) J-jMj 

«atj polymerase 2,5 Ml 

Water «o50 M l W * 

TOTCEQI primer 
(lOjmwIesAjl) 

LINKPCRt;^ 2-5 Ml 
(IOpmotesuI) 

JOXPCR 2.5 fU 

Reaction Buffer cn , 

SmMeachdNTPfc) *W 

Tnq polymerase 2,5 M' 
(5U/m) 

Water Io50uJ 



Mhuprep DNA was prepared f ro „, , he Iib 

* «. PCR p^ed rrom fc clone^! U " ^ ^ " 
bacterial colony. ' by '"»<*«*«i»g from a 

''CR conditions were 25 cycles of 94' Clmi mile55 . ri . „ 
wi«hannal IOmim„esa«72'C. ?2> C 2 minutes 

Primary PCR products were gel purified using die Promem M • 

g IBe ' roi,1e 8 a M «g»c PCR Prep System 
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except for the CDR3 fragment which 



size. 



requires Mennaid purification (Bio 101) due 



loits mailer 



CDRl+2 Shuffling 

Purified library CDR 1 +2 DNA 

Purified VIICDR3-Ltnker-VL Fragment 
, nv , f rom an isolated clone 
10X PGR BuiTer 
5 mM each dNTP(s) 
Taq polymerase 
(5U/MI) 

Water to50 M l 



20-50 ng 

20-50 ng 
5.0 »tl 
2.5 nl 

0.3 Ml 



PCR conditions as for primary PCRs. 




Assembly product 
FDTSGQI primer 
(lOpmoIes^tl) 
LMB3 primer 
(lOpmolcrtd) 
10X PCR 
Reaction Buffer 
5 mM each dNTP(s) 
Taq polymerase 
(5U/M1) 
Water 



to 50 nl 



2.5 uJ 
2J|tI 

5.0 ul 
2.5 \i\ 

0.3 Ml 



CDR3 Shuffling 
Assembly Of Library fHR ^ Foments Wi,h T^n, 

20-50 ng 



Purified library CDR 3 DNA 
Purified CDR1+2 

1 nv ^JO" 1 an isototed clone 
10X PCR Buffer 

5mMeachdNTP(s) 
Taq polymerase 
(5U;m1) 

Wa,er to50 M l 



> Fragnynt An j^,,,,^, 



20-50 ne 
5.0 Ml 
2.5 Ml 

0.3 Ml 



Second PPR Of Assemble J it rrnf * rnpii0r . 

1-0 Ml 



Assembly product 
PCRHUNK primer 
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Example 1 f 

Derivation Of Human Catalytic Antibodies By "Imprinting" 

cb—cs, ,„ de™ mw ^ ^ ^ ^ ;j « 

Z,LTt y,BWa " ,il,0dy " hid,,,,i, * S * WW 

mouse catalytic antibody. 

xs sufficient 7 
an existing moose antibody for example. 

-v, a „d ^ ^ m „„, ^ ^ ^ ^ fc m ^ ^ ^ 

fan, *. h«n» scFv Hb™, described by M*=s „* , iJasLm222(I99I) ; 58l . 

597 as described above. 

«*— b y PGR ^ ..described ^ StaiMy , lhe ^ 
kgh.c 1 ^» OT ^ i ^^ teB ^ rf ^ cWiBiiitesam(! ^ 

The rcsahing ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ 
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SFil (for human heavy chains) along with Notl, ligated into the appropriate pCANTAB vector 
and transformation into E. cell TG 1 cells. All steps were as described above. 

Individual Populations of TG 1 cells carrying each separate library, were grown for 2-3 
hours at 30' C and rescued by infection with VCSM 1 3 helper phage at 37' C. After overnight 
growth phage panicles were -^-da»»^ B^po^^^^ 
times against RT3-BSA and indivdual binding clones identified by EJJSA. 

Binding clones were selected and the human chain of each clone was amplified by PGR 
as before. This chain was recombined with the PGR product of the human library of 
complementary chains. PGR linkage, cleavage with SRI and Notl, ligation, transformation, 
phage rescue, panning and screening were as before. 

In this way, a new population of RT3 binders were derived whose binding profile was 
direced b, the origin,, ^ ^ „„, ^ ^ ^ ^ ^ ^ ^ 

coven taprinong by shuffling sep^e chains ^ couId ^ ^ ^ ^ ^ 

chatain.^glecT.mWpreron.rdsCasabov.). T«e Hbmr, marerM was derived ft™ the 
librae of Maries e, al. UMJteL 222 (1991W8I-597 bu, c»ld eonall, cone from PCR 
produce of tan™ Mood, spree*, ere. or conkl be pa„ia„ ¥ „ ^ ^ fran ^ 



DNA. 



The example given above involves shuffling chains within a single chain Fv on a single 
rcplicon. A similar result can be achieved by using no „. IinkccI vi w L or VH-CHG/VL-CL 
faints displayed on phage {McCafferty ^ ^ ^ ^ ^ ^ ^ ^ ^ 

same replicon or may be on different replicons. ^example, the heavy chain of the origi M I 
mouse antibody may be cloned feto P UC,9 or cuher plasmid. in frame with appropriate 
promoters, signal peptide and stop codon(s) enabling it to be expressed as a soluble VH or 
VH-CH1 fragment in tie bacterial periplasm (Better et al., 1989; Skerra et aL, 1989). A 
growing culture of cells carrying this plasmid could then be infected with helper phage derived 
from a library of human light chains (either VL or VL-CL, as appropriate), Coned as fusions 
wimgeneminfd-CATl*^^ 

give rise to a population of phage expressing indivudal human light chain fused to gene III, 
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wuh a heavy chain partner derived from the mouse clone. T hose human chains which 
complement the binding activity ^rno^^^^^^^ 
et ah. supra. 1991) and the gene encoding Uiis chain will be present in the phage particle. 

light chains derived in this way can be recloned into a vector for soluble expression of 
the single chain i„ the pe rip , asni , ,3 was done for ^ ^ ^ ^ ^ ^ 

growing culture of cells expressing these individual human light chains could be infected with 
helper phage derived from a library of human heavy chains, cloned as fusions with gene ID i„ 
fd-CATl or fd-DOGl (McCaffeny et al.. supra. 1991) for example. As before panning 
against antigen with enrich those clones with the appropriate bmding acrivity. This wfll result 
«n a pair of human clones which mirror the binding of d,e original mouse clone. 

A similar process can be carried out by shuffling with the human heavy chain first and 
»en the light chain. ^^^0^,0^^^^^^^ 
separate shuffling of heavy and light chains can be -combined with each other in the same way 
as described above for either SCFv( s ) or separate chains. 
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WHAT IS CLAIMED IS 



1. 

of: 



A method for producing catalytic antibodies displayed on phage 



comprising the steps 



(a) generating a gene ubrary of anting 

(b) inserting coding for said domains into a phage expression vector; and 

(c) isolating said catalytic antibodies. 



2. 



A method as recited in Claim 1 wherein said catalytic antibodies are single chain 
antibodies. 

3- A method as recited in Claim 1 wherein the antibodies isolated in step (c) are produced 

in quantity by culturing E. coli cells. 

4. Catalytic antibodies prepared by the method of Claim I. 

5 • A method as recited in d aim j w!lcrcin said gene Hbnuy rf anliMy ^ wd 

is generated from one or more of the following groups: 

(a) gene fragments obtained from lymphocytes from an immunized animal; 

b) gene fragments obtained from lymphocytes from a non-immunized 
animal; 

(c) gene fragments obtained by shuffling of VH and VL chains; 

(d) gene fragments obtained by shuffling of CDR regions; 

(e) gene fragments obtained by mutagenesis of CDR regions; 
imprinting; or 

(g) synthetic antibody genes. 

6- A method for isolating catalytic antibodies displayed on phage comprising the following 
steps: 

(a) preparing an antigen; 

(b) immunizing with said antigen; 
generating a library of VH and VL domains from said immunized animal; 
cloning said VH and VL domains into a phage expression vector to generate 
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phage display antibodies; 

substrate; and 
(g) isolating said caialytic antibodies. 

antibodies. 

A method as recited on Claim 6 wherein said antigen is 



10 



11 

12 



Catalytic antibodies prepared by the method of Grim 6. 



following steps: 



(") 
(b) 



(d) 
(e) 



13. 
14. 



prepanng an antigen; 

generating a library of VH and VL domains; 

phage display antibodies; 

seleaing phage display antibodies which bind sperifically to said antigen; 
scieeningsaid selected phage display antibodies for catalytic activity ,o 
substrate; and 

(0 isolating said catalytic antibodies. 

A method as recited in aaim 12 whe rein said library is mouse-derived. 
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1 5- A method as recited in Claim 1 2 wherein «»„ anligen „ , 
16. A method as recited in Claim 12 wherein said antigen is 



1 OH 



17. 
18. 



Catalytic antibodies prepared by the method of Claim 12. 

comprising the following steps: 

(a) «^»il»yorV^^ 

library; 

(b) cloning the shuffled chain; 

(c) expressing said chain shuffled antibody on phage; 

(d) selecting against an antigen; and 
(c) screening for catalytic activity. 

comprising the following steps: 

(a) isolating VL and VH genes; 

(b) isolating a library of CDR regions; 

(0 ^combining said VL and VH genes with said library of CDR rcg ions l0 
produce a CDR shuffled library; and 

(d) cloning the CDR shuffled library; 

(e) expressing said CDR shuffled library on phage; 

(f) selecting against an antigen; and 

(g) screening for catalytic activity. 
20. A ™hodf OT prcxi^^ 
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comprising the following steps: 

(a) selecting a set of antibodies; 
- W - .^'"'n***™*****.***, 

widt alibnny of VH tofomi two combination Iibnuies; 

(d) cloning said combination libraries; 

(e) expressing said libraries on phage; 
(0 selecting against an antigen; 

(g) isolating selected libraries of VH and VL genes; 

(•0 ^biningsaklUbrariesofVHandVLgeiies; 

(0 cloning said combined libraries; 

0) expressing said combined libraries on phage; 

(k) Meeting against an antigen; and 

0) screening for catalytic activity. 

BH!C8<«.a«)ap| ra|etenen ,. P°m»i«. 

-*.-.«-*, ta * %taBllWil(Mt-<i| 

derived catalytic antibody. 

25. A^fori^acti^ 

(a) ^-^pnximgintoapatient.saidprc^^ 
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therein which upon cleavage releases the active form of said drug; and 
(b) introducing into said patient an effective amount of a phage-derived catalytic 
roabody capable of cleaving said bond in said prodrug. 

26. A^foracti^ 

the rate of cleavage or formation of a specific bond within a molecule in W w which comprises 
introducing into an animal an effective arm,unt of a c^ydcandrxxly. said andbody having 
been produced by the method of Claim 1. 

27. A method for activating or deactivating a biological function in an animal by enhancing 
the rate of cleavage or formation of a specific bond within a molecule in vivo which comprises 
introducing into an animal an effective amount of a catalytic antibody, said antibody having 
been produced by the method of Claim 18. 

28. A method for activating or deactivating a biological function in an animal by enhancing 
the rate of cleavage orformation of a specific bond within a molecule invivo which comprises 
introducing into an animal an effective amount of a catalytic antibody, said antibody having 
been produced by the method of Claim 19. 

29. A method for activating or deactivating a biological function in an animal by enhancing 
the rate of cleavage or formation of a specific bond within a molecule in vivo which comprises 
introducing into an animal an effective amount of a catalytic antibody, said antibody having 
been produced by the method of Claim 20. 
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Figure 15B 
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Figure 15C 
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Figure 16 
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